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PREFACE 

T h i s  i s  the 22nd a n n u a l  repor t  of t h e  T o x i c  H a z a r d s  &search  
, U n i t  ( T H R U )  a n d  c o n c e r n s  work p e r f o r m e d  by  t h e  D e p a r t m e n t  of 

Community a n d  E n v i r o n m e n t a l  Medicine of t h e  U n i v e r s i t y  of 
C a l i f o r n i a ,  I r v i n e  on b e h a l f  of t h e  A i r  F o r c e  u n d e r  C o n t r a c t  

' Number F33615-80-C-0512. T h i s  d o c u m e n t  c o n s t i t u t e s  t h e  f i f t h  

, 

' r epor t  u n d e r  t h e  c u r r e n t  c o n t r a c t  a n d  d e s c r i b e s  t h e  a c c o m p l i s h -  
m e n t s  of t h e  THRU from J u n e 1 1 9 8 4  t h r o u g h  J u n e  1385. 

I ,  I ,  I I '  

T h e  c u r r e n t  c o n t r a c t  for" opera' t ion of t h e  L a b o r a t o r y  w a s  
i n i t i a t e d  i n  1980 u n d e r  P r o j e c t  6302, " O c c u p a t i o n a l  a n d  E n v i r o n -  
mental  T o x i c  H a z a r d s  in Air F o r c e  'Opera t i cqs , "  T a s k  0 1 ,  ':Toxi- 
c o l o g y  of Aerospace C h e m i c a l s  a n d  Materials,  " Work U n i t  Number 
63020115. H. K .  P i n k e r t o n  s e r v e d  a s  t h e  t e c h n i c a l  c o n t r a c t  non- 
i tor  for t h e  A i r  F o r c e  A e r o s p a c e  Medical R e s e a r c h  L a b o r a t o r y ;  

' , T h ' i s  is a , , c o - s p o n s o r e d  U. S., Air F o r c e / U .  ,S. Navy r e s e a r c h  
e f f o r t .  That' p o r t i o n  .of t h e  work .  effort s p o n s o r e d  by t h e  U. S. 
Navy was u n d e r  . t h e  d i r e c t i o n  of C a p t a i n  Davis: E .  U d d i n ,  MSC, U S N ,  
a n d  ' i d e n t i f ' i e d  a s  Nkvy T a s k  @ea Number MF58524001 " C h e m i c a l  
H a z a r d s / E x p o s u r e  L i m i t s . "  

I J.  D.1 MacEwen,, Ph.D., s e r v e d  a s  L a b o r a t o r y  Di rec tor  for t h e  
THRU of t h e  U n i v e r s i t y  of C a l i f o r n i a ,  I r v i n e  a n d  as  c o - p r i n c i p a l  
i n v e s t i g a t o r '  w i t h  T. T .  C r o c k e r ,  M . D . ,  P r o f e s s o r ,  D e p a r t m e n t  of  
Community pnd E n v i r o n m e n t a l .  Medic ine .  Acknowledgement  i s  made, t o  
C. L . , G a w o r s k i ,  C. C. Haun, J. R .  Hoi - ton ,  C. E .  J o h n s o n ,  E .  R .  

B l a s i n g a m e ,  and J . . L .  Moproe for t h e i r  s i g n i f i c a n t  c o n t r i b u t i o n s  
a n d  assistanc,e i n  t h e  p r e p a r a t i o n  of t h i s  rep0r.t. P a r t i a l  sup- '  
p o r t  ,for t h i s  programl was p r o v i d e d  by  t h e  U . '  S .  ,Naval Medical 
R e s e a r c h  I n s t t t u t e ,  T o x i c o l o g y  D e t a c h m e n t ,  W r i g h t - P a t t e r s o n  A i r  ' , 

, 

I '  

K i n k e a d ,  P. E. N k w t o n ,  Ph.D., A .  K .  Roychowdhury ,  Ph.D,., R .  K .  ' , I  

' F o r c e  B a s e ,  O h i o ,  a n d  t h e  U n i t e d  S t a t e s  Army. 

I 
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SECTION I 

INTRODUCTION 

The  r e s e a r c h  a c t i v i t y  of t h e  T o x i c  H a z a r d s  Research U n i t  
(TH'RU) i s  a c o n t i n u i n g  p r o g r a m  i n d e p e n d e n t  of c o n t r a c t  y e a r s ,  
w i t h  s e v e r a 1 , s t u d i e s  i n  p r o g r e s s  a t  t h e  b e g i n n i n g  a n d  e n d  of each 
r e p o r t  period. ' E x p e r i m e n t s  t h a t  were i n i t i a t e d '  a n d  c o m p l e t e d  
- d u r i n g  t h e  , p a s t  y e a r  a n d  were of s u f f i c . i e n t  m a g n i t u d e  t o  merit I 

' s epara te  t e c h n i c a l  r e p o r t s  may o n l y .  .be , s u m m a r i z e d  t n  t h i s  d o c u -  
,men.t ' .  U n p u b l i s h e d  l e t t e r '  r e p t o r t s '  a r e  g i v e n  i n  de , ta i l  h e r e i n .  4 

T h i s  y e a r ' s  research p r o g r a m  was c o n d u c t e d  o n  g a s  s i m u l a n t s ,  
b i n a r y  c o m p o u n d s ,  a n d  a ' v a r i e t y  of ,chemical m i x t u r e s  u s e d  a s  , I 

w i l l  b e  d i s c u s s e d  i n  t h e  b o d y  of t h i s  > r e p o r % .  , A c u t e  o r a l  a,nd 
dermal t o x i c i t y  s t u d i e s  o n ,  a v a r i , e t y  of materials were a l s , o .  con- 
d u c t e d .  ' P a t h o l o g y  reports  were r e c e i v e d  for s e v e r a l  o u t s t a n d i n g  

' ! s t u d i e s  a n d  f i n a l  r e p o r t s  h a v ?  b e e n  prepared a n d  ar,e e k f h e r  pub-  
l i s h e d  as  AFAMRL T e c h n i c a l  R e p o r t s  'or are  i n  process, 

' h y d r a u l i c  f l u i d s .  T h e  r e s u l t s  or c u r r e n t  s , t a t u s  of ,these s t u d i e s  

T h i s  d o c u m e n t  c o n s t i t u t e s  t h e  2 2 n d  a n n u a l  repor t  of t h e  
' T o x i c  H a z a r d s  Research U n i t ,  a r e s e a r c h  team w h i c h  operates a 

d e d i c a t e d  i n h a l a t i o n  t o x i c o l o g y  l a b o r a t o r y  t o  i n v e s f i g a t e  p o t e n - ,  , 

t i a l l y  h a z a r d . o u s  chemicals a n d  'rnate'rials of iq te res t  t o  t h e  nu. S .  , 
A i r  F o r c & ,  U .  S. Navy, a n d  o the r  g o v e r n m e n t a l , '  a g e n c i e s .  , T h e  T H R U  
r e s e a r c h  team is a n  i n t e r d i ' s c i p l i n a r y  g r o u p  0 f : U n i v e r s i t y  of 
C a l i f o r n i a ,  I r v i n e ,  t o x i c o l o g i s t s ,  c h e m i s t s , ,  s t a t i s t i c i a n s ,  a n d  
e n g i n e e r s .  
a n d  m e d i c a l  t e c h n o l o g y  a re  p r o v i d e d  t o  t h e  c o n t r a c t  by t h e  Air 
Force.. I 

\ I  

, 

S u p p o r t  s e r v i c e s  i n  p a t h o l o g y ,  v e t e r i n a ' r y '  m e d i c i n e , ,  

I 

T h e  research f a c i l i t i e s  u s e d  by t h e  THRU c o n s i s t  o f  animall  
e x p o s u r e .  chambers a n d  s u p p o r t i n g  l a b o r a t o r i e s  w h i c h  h a v e  pre-  

' v i o u s l y  b e e n  d e s c r i b e d  by  MacEwen (1965) ,' F a . i r c h i l d  (1967) ,  a n d  
Thomas  (1965,). 

, 

, 

, p u r i n g  t h e  f i r s t  6 y e a r s .  of o p e r a t i o n ,  t h e  p r i m a r y  research 
e f f o r t s  of t h e  TKRU were d i r e c t e d  t o  o b t a i n i n g  i n f o r m a t i o n  o n  
h e a l t h  h a z a r d s  of s p a ' c e c r a f t  f l i g h t ,  a n d  t h e  b i o l o g i c a l  d a t a ,  
o b t a i n e d  h a v e  b e e n . u s e d  a s  c r i t e r i a  for s e t t i n g  c o n t i n u o u s  e x p o -  
s u r e  l i m i t s  a n d  for e n g i n e e r i n g  d e s i g n  f a c t o r s .  The p r i m q r y  
research e f f o r t s  h a v e  i n  ~r 'ecent years  focpsed more o n  p r o b l e m s  of 
a i r c r a f t  en .v i ronmen t s ! ,  c h r o n i c  o c c u p a t i o n a l  h e r l t h  p r o b l e m s ,  a n d  
t h e  p o t e n t i a l  o n c o g e n i c i t y  of chemicals u s e d  i n  m i l i t a r y  a n d  . , 

c i v i l i a n  a c t i v i t i e s .  To t h i s  e n d ,  t h e  c u r r e n t  . research p r o g r a m s  

a n d  o t h e r  g o v e r n m e n t a l  a g e n c i e s .  
, s e r v e  t h e  m u t u a l  i n t e r e s t s  of t h e  U. S. A i r  F o r c e ,  N a v y ,  Army, .  
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ANNUAL,CONPEREN%E 

1 AS p a r t  of i'ts c o n t r a c t u a l  r e s p o n s i b i l i t i e s ,  UCI/TH'RU pre- 
s e n t , s  a n  a n n u a l  t e c h n i c a l  c o n f e r e n c e  -to d i s s e m i ' n a t e  ne,w tox ic -  

' o l o g i c  i n f o r m a t i o n ,  t o  t h e  U. S. A i r  F o r c e  a n d  o t h e r  g o v e r n m e n t a l  .I 

, a n d ,  i n d u s t r i a l  s c i e n t i s t s .  T h i s  y e a r ' s  c o n f e r e n c e  was c h a i r e d  b y  
' B r u c e  0. S t u a r t ,  Ph.D., Director  of t . h e  PFAMRL T o x i c  H e . z a r d s  

D i v i s i o n .  T w e n t y - t w o  t e c h n i c a l  p l a t f o r m  p a p e r s .  were p r e s e n t e d .  
Tt'is y e a r ' s  c o n f e r e n c e  d i d  n o t  have 'a ' s p e c i f i c  t h e m e  a n d  ' c o n s i s t -  
ed of f i v e  i n t e r e s t i n g  an,d t o p i c a l o s e s s i o n s  a s  l i s t e d  below: 

1 ,  F a c t o r ?  ' I n f l u e n c i n g  L u n g  T o x i c i t y  of A t m o s p h e r e s  
I 1  I s s u e s  R a i s e d  b y  T h e  N a t i o n a l  Toxicology P r o g r a m  

Ad Hoc P a n e l  o n  C h e m i c a l  . C a r c i n o g k n e s i s  . ' T e s t i n g  

I I #  I ,  I I ,  , , ,  I ,  
# I  I , , ,  

' a n d  E v a l u a t i o n  , 

I 1 1  I n  V i t r o  A p p r o a c h e s '  t o  I n  V i v o  T o x i c i t y :  , G e n e r a l  

IV ' I n  V i t r o  A p p r o a c h e s  t o  I n  V i v o  T o x , i c i t y :  L i v e r  a n d  
P r i n c i p l e s  

L u n g  
', v T h e  S k i n  os a R o u t e  of  E n t r y  , 

The ope'n f o r u m  d i s c u s s i o n s  f o l l o w i n g  e a c h '  s e s s i o n  r e s u l t e d  i n  
signifLcant'cont,ributions of a d d i t i o n a l  t e c h n i c a l  i n f o r m a t i o n  a n d  
s c i e n t i f i c  e x c h a n g e .  T h e  c o n f e r e n c e ,  h e l d  30 O c t o b e r  t h r o u g h  1 
November 1984, drew 187 p s r t i c i p a n t s  i n c l u d i n g  s p e a k e r s .  ' ,  

The w e l c o m i n g  r e m a , t k s  were p . r e s e n t e d  by Col. W a r r e n  L. 
C a r p b n t e r ' ,  V i b e  Commander ,  USAF Aerospace Medical D i v i s i o n .  . 

T h e  c o n f e r e n c e  p r o g r a m  was s u b m i t t e d  t o  t h e  A m e r i c a n  Board ' ' 

of I n d u s t r i a l  H y g i e n e  a n d  to t h e  , U n i v e r s i t y  of C a l i f o r n i a ,  I r v i n e  
C o n t i n u i n g  E d u c a t i o n  o r g a n i z a t i o n  f o r  e v a l u a , t i o n .  T h e  ABIH ' 

awarded t o  a t t e n d i n g  ' p h y s i c i a n s ' .  
! I  

i, 'awarded %1/2 p o i n t s  f o r  r e c e r t i f i c a t i o n  and 16 C.E.U,'s were 

T h e  prii>erss p r e s e n t e d  a t  t h e  c o n f e r e n c e  were p r e p a r e d  for 
p u b l i c a t i o n  a s  t h e  P r o c e e d i p g s  of t h e  1 5 ~ h  C o n f e r e n c e  on E n v i r o p -  
m e n t a l  T o x i c o l o g y  w h i c h  i s  a s e p a r a t e  t e c h n i c a l '  r e p o r t '  (AFAMRL- 
TR-84-002). 

( 1  

SECTION I 1  

RESEARCH PROGRAM, 

Toxicology r e s e a r c h  c o n d u c t e d  by  thc ;  T H R U  d u r i n g  t h e  p s s t  
y e a r  was p r i m a r i l y  c o n c e r n e d  w i t h  c o n t i n u i n g , s t L d i e s  of t o x i c  and  
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' I  

' L  

t u m o r i g e n i c  e f f e c t s  'of i n h a l e d  a i r c r a f t :  a n d  r o c k e t  f u e l s .  I n h a -  
l a t i o n  s t u d i e s  o n  a b i n a r y  c o m p o u n d ,  EDMP, were a l s o  c o n d u c t e d .  
His to logic  e x a m i n a t i o n s  o f  an i t "kI l  t i s s u e s  f r o m  s e v e r a l  s t u d i e ' s  o n  
t h e  c h r o n i c  e f f e c t s  of i n h a l e d  a i r c r a f t  f u e l s  were c o m p 1 , e t e d  a n d  
a re  d e s c r i b e d  i n  t h i s  re ,port .  S u b c h r o n i s  i n h a l a t i o n  t o x i c i t y  
s t u d i e s  of d i m e t h y l  ' m e t h y l p F o s p h o n a t e ,  a s i m u l a n t  t es t  g a s ,  were 
i n i t i a t e d ' i n  t h e  p r ' e v i o u s  r e p o r t  y e a r  a n d  t h e  animals  wefe t e . c t e d  
a n d  o b s e r v e d  d u r i n g  t h e  c t i r rent  yea r .  S t i d i e s  on t h e  me tabo l i sm 

. o f  t h i s  compound are c o n t i n d i n g .  

O t h e r  research a c t i v i t i e s  of the, T H R U  d u r i n g  t h e  p a s t  . y e a r  
i n c l u d e d  a ser ies  of ' a c u t e  Otoz ic i i ty  t e s t s  o n  O - e t h y l - O ' - ( 2 - d i i ' s o - '  
propyl.aminoethyl)tn~ethyl~phosphonite (EbMPj a n d  a ser ies  of by- 
p r o d u c t  chemicaJs p r o d u c , e d  ' i n  t h e  m a n u f a c t u r e  o f  EDMP. H y d r a u l i c  

I f l u i d s  of v a r i o u s ,  chemical c o m p o s i t ' i o n  were s t u d i e d  fo r  a c u t e  
t o x i c  e f f ec t s .  

T h e  c u r r e n t  s t a t ' u s  of t h e s e , o n g o . i n g  s t u d i e s  i s  d e t a i l e d  i ' n  
, t h i s  report .  

I 

TEE EVALUATION 9? THE ONCOGENIC POTENTIAL OF INHALED 
HYDRAZINE IN RATS AND HAMSTERS AFTER A SEIZIES OF WEEKLY 

' 1-ROUR EXPOSURES 

H y d r a z i n e  i,S h s t r o n g  r e d u c i n g  a g e n t  w i t h  n u m e r o u s  a p p l i c a -  
t i o n s  i n  t h o  m i l i t a ' r y  a n d  i n ,  i n d u s t r y .  ' O n e  o f  ' t h e  i m p d r t a n t  
m i l i t a r y  u s e s  of h y d r a z i n e  i s  a s  a f u e l  i n  t h e  s t a n d b y  powek 
s y s t e m s  of a i r c r a f t .  D u r i n g  t h e  m a i n t e n a n c e  of . t h e s e  s y s t e m s  
workers c o u l d  b e , s u b j e c t e d  t o  occas iona l  b r i e f  e x p o s u r e s  'of  h i g h  
c o n c e n t r a t i o n s  of h y d r a z i n e  v a p o r s .  T h e  p u r p o s e  of t h i s  s t u d y  
was t o  assess t h e  . o n c o g e n i c  r i s k  of s e v e r a l  E h o r t ,  h i g h  c o n c e n -  
t r a t i o n  e x p o s u r e s  t o  h y d r a z i n e ,  u t i l i z i n g  t h e  same to t a l ,  dose  of 
h y d r a z i n e  ( c o n c e n t r a t i o n  x t i n e )  t h a t  i n d u c e d  p u l m o n a r y ,  tumors 
a n d  n a s a l  polyps i n  ra ts  a n d  hamsters  i n  p r e v i o u s  c h r o n i c  i n h a l a -  
t i o n  s t u d i e s  (MaqEwen e t  a l . ,  198i; , V e r n o . t  e t  a l .  , '  1985).  , D e -  
s c r i p t i o n ,  of t h e  m e t h o d s  a n d  p a r t i a l .  r e s u l t s  from t h i s  s t u d y  h a v e  
b e e n  p r e s e n t e d  i n  p r e ' v i o u s  THRU A n n u a l  'Reports (MacEwen a n d  
V e r n o t ,  1982, 1983, a n d  1984). 

T h i s  s t u d y  was d i v i d e d  i n t o  3 p h a s e s  w h e r e  p h a s e s  I and  I 1  
were r a n g e - f i n d i n g  s t u d i e s  for t h e  3 r d  p h a s e .  I n  p h a s e  111,  
g r o u p s  of male h a m s t e r s  a n d  male a n d  female r a t s  were e x p q s e d  
w e e k l y  for 1 h o u r  p e r i o d s  t o  h y d r a z i n e  c o n c e n t r a t i o n s  of e i t h e r  , 

750 ppm (maximum n o n - l e t h a l  l e v e l )  or ? 5  pprn f o r  a 10-week per- 
i o d .  These e x p 0 , s r i r e s  r e s u l t e d  i n  t o t a l  CT ( c o n c e n t r a t i o n  x t i m e )  
v a l u e s  of 7500 a n d  750 ppm h o u r s .  

I 

r.i 

h 

c 
2 4 ,  

17 
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Male an'd f e m a l e  r a t s  i n  b o t h  e x p o s u r e  g r o u p s  d e m o n s t r a t e d  
I )  r e d u c , e d  b o d y  w e i g h t  g a i n s  d u r i n g  t h e  e x p o s u r e  p e r i o d .  However, 

p o s t e x p o s u r ' e  body w e i g h t  g a i n s  were not s i g n i f i c a n t l y  d i f f e r e n t  
( p  < 0.05) t 'hah  c o n t r o l  g r o \ l p  w e i g h t  g a i n s  f o r  e i t h e r  male or 
.female r a t s  a t  e i t h e r  e x p o s u r e  l e v e l .  C .  

I 

, 
Hamsters i n  t h e  h i g h e r  l e v e l  e x p o s u r e  g r o u p  d e m o n s t r a t e d  

r e d u c e d  w e i g h t  g a i n  d u r i n g  t h e  e x p o s u r e  p e r i o d  when c o m p a r e d  t o  
. t h e  c o n t r o l  h a m s t e r s .  D u r i n g  t h e  r e m a i n d e r  o f  t h e  t e s t , .  h o w e v e r ,  

b o t h  t r e a t m e n t  g r o u p s  e x h i h i t e d  h i g h e r  mea.n body w e i g h t s  t h a n  d i d  
t h e  c o n t r o l  g r o u p .  

1'. . j  
. - .  

a " ,  , I  I , .  , I  

Hamster m o r t a l i t y  reached a ' p o i n t  t h a t  n e c e s s i t a t e d  . t h e i r  S I  

f i n a l  s a c r i f i c e  a i t e r  2 2  m o n t h s  p o s t e x p o s u r e  ( a p p r o x i m a t e l y  30 
m o n t h s ' o f  age). T h e  male r a t  f i n a l  s a c r i f i c e  was c o n d u c t e d  a t  28- 
m o n t h s  p o s t e x p o s u r e  a n d  t h e , f e h a l e  r a t  f i n a l  s a c r i f i c e  was con-  4 

d u c t e d  a s  o r i g i n a l l y  s c h e d u l e d  a t  30 r h o n t h s  p o s t e x p o s u r e .  

. I  

a n n u a l  r e p o r t .  . .  -i . -  , 

R e , s u l t s  of t h e  h i s t o l o g i c  e x a m i n a t i o n  of a n i m a l s  i n  t h i s  
, .  

I s t u d y  a r e  n o t ,  y e t  a v a i l a b l e .  T h e y  w i l l  be  p r e s e n t e d '  i n  a f u t u r e  
, '  

.'.I 
A 2-YEAR STUDY ON THE"CARCIN0GENICITY OF HYDRAZINE ' . .---J 

I . .  

3 

;:;.j 
$j 

1 :-:.I 
' * h a m s t e r s .  T h e  e x p e r i m e n t a l  p r o t o c o l  a n d  sqrnaries of b o d y  I .I 

previoiis ' a n n u l  r epo r t  (MacEiven and ' V e r n o t ,  1984) .  This s t u d y  i s '  r .3  

I r v i n e  Campus who is  a n c l l y i i n g  tissues f o r  D N A  c o n s t i t u e n t s ,  a n d  

ADMINISTERED IN DRINKING IATER'TO MALE-GOLDEN 'SYRIAN HAMSTERS 
. .  

, I  I r.? 
I ..- i .. .. \ - ..A 

G r o u p s  o f  male G o l d e n  ' S y r i a n  h a m s t e r s  a r e  b e i n g  e k p o s e d  t o  
I -  

a q i i e o u s ,  s o l u t i o n s  o f  h y d r a z i n e  s u l f a t e  as t h e ' i r  sole  s o u r c e  'o f  
d r i n k i n g  yater.  ' T h e  h y d r a z i n e  s u l f a ' t e  c o n c e h t r a t i o n S a  a r e  17'0, 
340 ,  a n d  510 mg/L. A n e g a t i v e  c o n t r o l  group i s  a l so  b e i n g  m a i n -  

I r:.$ t a i n e d  on d i s t i l l e d  water. A p o s i t i v e  c o . n t r o 1  g r o u p ,  e x p o s e d  t o  
10,rng/L d i m e t h y l  n i t r o s o a m i n e ,  wa$ .a l so  ' i n i t i a t e d  i n  O c t o b e r ,  ' 

2983 b u t  d i s c o n t i n u e d  a , f t e r  a p p r o x i m a t e l y  7 m o n t h s  due t o  h i g h  
, m o r t a l i t y .  ' E a c h  exposure g r o u p  . i n i t i a l l y  c o n s i s t t e d  o f  40 male ' 

w e i g h t ,  m o r t a l i t y  a n d  water c o q s u m p t i o n  d a t a  were . p r e s e n t e d  i n  a ' 

b e i n g  c o n d u c t e d  i n " c o l 1 a b o r a t i o n  w i t h  D r .  R o n a l d  S h a n k  a t  t h e  

e x a m i n i n g  t h e  t i s s u e s .  

: - 1  
. - . I  . .  

.-;.t 
I - . . 

I *. 

' ,  

. . '  

. I  

1 -  . . *  
' , B a c k g r o u n d  

. .  
*: H y d r a z i n e  i s  a - 1 r o n g  r e d u c i n g  a g e n t  t h a t  i s  widely 1ise.d f o r  . .  

a n u m b e r  of d i v e r s e  a p p l i c a t i o n s  by t h e  m i l i t a r y  a n d  i n  i n d u s t r y .  . .  . .  
" 8  . .  U n d e r  a p p r o p r i a t e  c o n d i t i o n s ,  h y d r a z i n e  h a s -  b e e n .  shown t o  c a u s e  

a n  i n c r e a s e d  t u m o r  incidence i n  r a t s  a n d  mice. . .  
. - t  
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" I , .  , . ,  

, I  

I 
I 

1 

.- .- H y d r a z i n e  a d m i n i s t r a t i o n  has a l s o  been  d e m o n s t r b t e d  t o  i n -  
d u c e  t h e  f o r m a t i o n  of z z t h y l a ' c e d  g u , a n i n e s  i n  t h e  l i v e , r s  of t e s t  

c a r c i n o g e n e s i s ,  i7a.W been  s h o w n  t o t p e r k i s t  ' i n  h a m s t , e r  l i v e r  D N A  
much L o n g e r  t h a n  i n  r a t  l i ve r .  H o w e v e r ,  i n  p r e v i 0 u . k  s t u d i e s ,  
h y d r a z i n e  exposure f a i l e d  t o  i n d u c e  l i v e r  c a n c e r  i n  h a m s t e r s  , 

I ( T o t h ,  1 9 7 2  a n d  MacEwen e t  a l . ,  1981) .  T h e r e f o r e  t h i s  s t u d y  was 
d e v e l o p e d  t o  e x p o s e  h a m s t e r s  t o  h i g h  c o n c e n t r a t i o n s  o f ,  h y d r a z i n e  
o v e r  p r o l o n g e d  p e r i o d s  o f  t i m e  i n  o r d e r  t o  s t u d y  t h e  r e l a t i o n s h i p  

, ' 
animals.  T h e s e ,  m e t h y l a t e d  g u a n i n e s ,  t h o u g h t  t o ,  b e  r e l e v a n t  to '  , 

. I  

' b e t w e e n  0 6 - m e t h y l  g u a n i n e  i n  D N A  a n d !  c h e m i c a l  c a r c i n o g e n e s i s .  

I 
I 

I .  v ,  S I  4,t . I ' I  
I ,  , I  

Results 

Water c o n s u m p t i o n  was measurt;? f o r  4-week i n t e ' r v a l s  a t  t h e  
s t u d y  i n i t i a t i o n ,  a n d  a f t e r  5 ,  9 ,  a n d  16 m o n t h s  o f  e x p o s u ' r e ? .  

' , T h e s e  water c o n s u m p t i o n  d a t a  a r e , s u m m a r i z e d  i n  T a b l e  1. 
, ,  p e a t e d  m e a s u r e d  a n a l y s i s  of v a r i a n c e  was c o n d u c t e d ,  t h e  r e s u l t s  

of w h i c h  i n d i c a t e d  t h a t  t h e  e f f e c t  of d o s e  was p a r a l l e l  w i t h  

consumption 'was n o t  s i g n i f i c a n t  ( p  c 0.05) .  T h e  m e a s u r e d  water 
consumpt . i ' on  v a l u e s  were u s e d  t o  estimate d a i l y  doses of 19, 32, 
aild 40 mg h y d r a z i n e  s u l f a t e / k g  o f . b o d y  w e i g h t .  T h e s e  v a l u e s  a r e  
s o m e w h a t  lower t h a n  t h e  p r o j e c . t e d  d o s e s  of 2 3 ,  4 6 ,  a n d  69  mg hy.- 
d r a z i n e .  s u l f a t e / k g  of b o d y  w e i g h t .  

'A re- 

respect t o  time ( P  = 0.5109) a n d  t h a t  t t c  dose e f f e c t  o n  wa te r ,  ' I  

I 
TABLE I .  , W A T E R  CONSUMPTIONa (mL/ANIMAL/DAY) OF 

MALE 'GOLDEN S Y R I A N  H A M S T E R S  " 

H y$ r a z i n e  S u 1 f a t  e 
, P e r i o d  Con t r o 1 170 my./L 340 m g / L  510. m g / L  I 

, I  

4 w e e k s  9.i f 0.2 9.'2 f 0.2. 8.1 0.2" 7.2 f 0.1 ' 

9 m o n t h s  14.0 f 1:6 13.5 f 1.1 11.3 f 1.0 8.7 f 0.3 I .  

16 m o n t I i s '  18.6 k . 2 . 1  16.9 f 1.4 16.5 f l.lb 14,l) * 1 . 2  , 

A v e r a g e  

. 5 m o n t h s '  1 5 . 4  f i.1' 1 5 . 4  f 1.4 1 2 . 0  f 1.2  9 . 4  f 0 . 4  

1 4 . 3 ' + ' 0 . . 4  13.7 2 0.8 11.9 f 0.6 ' 9.8 It 0.3 
I 

. I  
, I  

. I  

$ 8  ' 
Mean ,+ SE, N = 10. 
N = 9.' 

I .  

Body w e i g h t  d a t a  a r e  p r e s e n t e d  i n  F i g u r e  1.  T h e  body'  
w e i g h t s  of a l l  g r o u p s , w e r e "  s t a t i s t i c a l l y  ( p  < 0.05)  e q u a l  a t  t h e .  
s t u d y  i n i t i a t i o n .  D u r i n g  t h e  f i r s t  m o n t h  of e x p o s u r e  b o t h  t h e  . I  

19 
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Figure 1. Body w e i g h t s  o f  male G o l d e n  S y r i a n  h a m s t e r s  e x p o s e d  
t o  h y d r a z i n e  s u l f a t e , i n  d r i n k i n g  water. 

340 a n d  510 mg!L g r o u p s  h a d  s i g n i f i c a n ' t l y '  ( p  < 0.05)  r e d u c e d  
r a t e s  of g r o w t h .  
b e e n  e s s e n t i a l l y  t h e  same. 

, ,  

H o w e v e r ,  a f t e r , t h a t  , I  f i r s t  m o n t h  a l l  g r o u p s  h a v e  

i ,  

DNA a n a l y s i s  a n d  p a t h o l o g y  a r e  b e i n g  c o n d u c t e d  a t  U .  C .  
' 

., 
I r v i n e  a n d  a r e  n o t  ' . v a i ! ? \ l e  f o r  i n c l u s i o n  , i n  t h i s  report .  

t <  

A CHRONIC INHALATION 'TOXICITY STUDY 6 N  MONOMETHYLHYDRAZINE 

8 M o n o m e t h y l h y d r a z i n e  (MMH) is a i  h i g h l y  r e a c t i v e  chemical u s e d  
a s .  a r o c k e t  f u e l  c o m p o n e n t  as  well .as a c h e m i c a l  i n t e r m e d i a t e .  
T h e  a c u t e  h e a l t h  h a z a r d s  f r o m  h a n d l i n g  M M H  a n d  i t s  a n a - l o g s ,  
h y d r a z i n e  a n d  u n s y m m e t r i c a l .  d i m e t h y l h y d r a z i n e  ( U D M H )  ,. h a v e  been 
w e l l  d e f i n e d  (Cor.s;tock e t  a l . ,  1 9 5 4 ;  S h o o k  and C o w a r t ,  1957; 
H i n e h n r i  e t  a l . ,  1960; Weeks e t  a l . ,  1963; J a c o b s o n  e t  al. ,. 1966;  
Haun e t  al., 1970; Da,'rmer a n d  MacEwen, 1973) .  T h e  s 'ymptoms of 

I '  
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a c u t e  e x p o s u r e  were i r r i t a t i o n ,  9-mesis, a t a x i a ,  a n d  c o n v u l s f c n s .  
MMH was a l so '  f o u n d  t o  c a u s e  a d o s e  r e l a t e d  h e m o l y t i c  a n e m i a ' w h l c h  
was r e v e r s i b l e  w i t h i n  a f e w  w e e k s  y o s t e x p o s u r e  (Hau'n e t  a l . ,  

, 1970) .  , The h e m o l y t i c  a n e m i a  was c h a r a c t e r i z e d  b y  s i g n i f i c a n t  
decreases i n  h e m a t o c r i t ,  r e d . b l o o d  c e l l s ,  a n d  h e m o g l o b i n  w h i c h  
c o n t i n u e d  f o r  s e v e r a l  d a y s  p o s t e x p o s u r e .  T h e  d e s t r u c t i o n  of r e d  
'b lood c e l l s  was a c c o m p a n i e d  b y  an increase i n  r e t i c u l o c y t e s  d u r -  I 

i n g  t h e  p e r i o d  o f  maximum d e c l i n e  of h e m a t o c r i t ,  l e v e l s .  P e r s i s t -  
e n t  r e n a l  damage w a s  a l so  seer? i n  d o g s  a n d  m o n k e y s .  

' 

I 

, E x p o s u r e s  o f  90 d a y s  t,o 6 m o n t h s  h a v e  b e e n  e v a l u a t e d  e x t e n :  
, s , i v , e l y ' i n  Qu,r l a b o r a t o r y  , to assess t h e  s , a f e t y  f a c t o r  a n d  a p p r o -  

p r i a t e n e s s  o f  t h e  c ' u r r e n t  TLV f o r  h e a l t h  o f  workmen.  
' s t u d i e s  h a v e  i n c l u d e d  b o t h  c o n t i n u o u , r  a n d  i n t e r m i t t e n t  e x p o s u r e s  
td r a t s ,  mice, d o g s ,  a n d  monkeys. ' '  The '  w e e k l y  dose of M M H  i n  ppm 
hours f o r  t h e  p r e v i o u s  e x p e r i m e n t s  i s  s h o w n  i n  T a b l e  2 .  

$ . *  T h e s e  

I 

TABLE 2. %OMPARISON OF WEEKLY DOSE EXPOSURE EQUIVALENTS 
OF M M H  I N  CHRONIC STUDIES CONDUCTED AT T H E  .THRU 

' Chamber I L e n g t h  Weekly  Dose 
Conc.  '(ppm.) of Exposure T y p e  of E x p o s u r e  ( ppm-hours  ) t ,  

0.2 6 M o n t h s  
0. OP4 90 D a y s  
0.1 90 D a y s  

, 1.0 6 M o n t h s  
I 0.2  ' , 6 M o n t h s  

2.0 46 M o n t h s  
5 .@ 6 M o n t h s  

I n t e r m i t t e n t a  
C o n t i n u o u s ,  
C o n t i n u o u s  
I n  termi t t e n t a  
C o n t  i n u o u s  
I n t e r m i  t t e h . t a  
I n t e r m i  t t e n  ta 

6 
6.7'2 

17 
30 
33.6 
60 

i50 

a 6 h o u r s / d a y ' -  5 d a y s / w e e k .  
E' 

Numbers  o f ' r e p o r t s ' h a v e  \ b e e n . w r i t t e n  d e t a i t i n g  r e s u l t : :  o f  ' 

t h e s e  s t u d i e s .  Haun (1970) a n d  MacEwen a n d  Haun (1971)  r e p o r t e d  : '  

c h r o n i c  s t u d i e s  wh ic ,h  i n c l u d e d  four  .6-rnonth i n t e r m i t t e n t . e x p o -  
s u r e s  ( 6  h o u r s / d a y / 5 '  d a y s / w e e k )  of r s t s ,  rnic%e, dogs, a n d  m o n k e y s  
t o  0.2,  .1.0,1 2 .0 ,  a n d  5.0 ppm.'MMH, End c o n t i n u o u s  e x p o s u r e  o f  t h e  
same 4 species t o  0 .2  ppm M M H .  T h e  MMH'-induced b l o o d  d y s c r a s i a s  

, f o l l o w i n g  a c u t e  e x p o s u r e s  (Haun e t  a l . ,  1970) were ,dose - re l a t ed  
e f f e c t s  w i t h  i n t e r m i t t e n t  e x p o s u r e s  a s  w e l l .  T h e  e f f e c t s  oc- 
c u r r e d  i ' n  b o t h  s p e c i e s  e x a m i n e d , ,  d o g s  a n d  m o n k e y s ,  b u t  t o  a 
g r e a t e P . e x t e n t  i n  d o g s :  M M H  p r o d u c e d  L n c r e a s e s  i n  m e t h e m o g l o b i n  
f o r m a t i o n ,  r e t i c u l o c y t e s ,  serum a l k a l i n e  p h o s p h a t a s e ,  t o t a l  p h o s -  
p h o r u s ,  a n d  se-rum b i l i r u b i n  l e v e l s .  Decreases were f o u n d  i n  

2 1  



hematoc r i t ,  h e m o g l o b i n ,  n n d  r e d  b l o o d  c e l l  c o u n t s .  T h e r e  urrs a 
d e f i n i t e  s h i f t  i n  d o g  e r y t h r o c y t e  f r a g i l i t y  with increasing M M t l  
d o s a g e .  F u r t h e r  i n d i c a t i o n s  o f  LlMH i n d u c e d  c h a n g e s  were  dose  
r e l a t e d  d e p r e s s i o o  of t h e  r a t i o  of m y e l o i d  t o  e r y t h r o i d  e l enen t s  
of b o n e  marrow. ' I n t e r m i t t e n t  e x p o s u r e s  a t  t h e  c o n c e n t r a t i o n s  
t es ted  f a i l e d  t o  e s t a b l i s h  a n o - e f f e c t  l e v e l .  

Darmer a n d  MacEwen (1973) r epor t ed  t h e  r e s u l t s  of a 6-month  
c o n t i n u o u s  e x p o s u r e  of d o g s ,  m o n k e y s ,  a n d  r a t s  t o  c o n c e n t r a t i o n s  
o f  0.10 a n d  0.04 ppm M M H .  T h e  hematologic  e f f e c t s  of k n t i h u o u s  , 

e x p o s u r e  t o  0 .'lo 'ppm MMH were c o n s j s t e n t  w i t h  the  d o s e  r e s p b a s c ?  
p r e . v i o u $ l y  reported a t  h i g h e r  e x p o s u r e  l e v e l s  (hlacEwen aml H a u i i ,  

a l t e r  t h e  h e m a t o l o g y  of t h e  tes t  a n i m a l s  a n d  had  no 'effect o n . r a t  
g r o w t  h . 

I ,  

I t  I 1971) .  C o n t t n u o u s  e x p o s u r e  a t  30.04 ppm M M H  d i d  n o t ~ s i g n i f i c a n t l y  1 

, 

A n o t h e r  common f i n d i n g  , f o l l o ? \ l i n g  c h r o n i c  e x p o s u r e  t o  MMH is ' 

r e n a l  d a m a g e .  I n  t h e  i n t e r m i t t e n t  e x p o s u r e ' s  (MacEwen a n d  H a u n ,  
, 1871) t h e  dogs e x h i b i t e d  h q m a t u r i a ,  h e m o g l o b i n u r i a ,  methemoglobi -  

n u r i a ,  a n d  c a s t  f o r t q a t i 0 . n .  Sophe r  e t  a l .  ( 1 9 6 7 ) , r e p o r t e d  k i d n e y  , 

e f f e c t s  i n  d o g s  w h i c h  i n c l u d e d  ' p r o t e i n a c e o u s  p r e c i ' p i t a t e s  in t h e  
p r o x i m a l  t u b u l e s  w i t h  o c c a s i o n a l  h e m o g l o b i n  c ,as ts .  D e g e n e r a t i o n  
of t h e  p r o x i m a l  t u b u l e s  w i t h  t u b u l a ' r  n e c r o s i g  was p r e s e n t  in many 
cases. Van St'ee (1965)  r e p o r t e d  a decrease i n  t u b u l a r  e x c r e t i o n  
i n  d o g s  w i t h , a  decrease i n  t h e  g l o m e r u l a r  f i l t r a t i o n  r a t e  w h i c h  ' 

h e  a t t r i b u t e d  , to  t h e  r e n a l ' p l a s m a  f l o w  ra te .  Kroe ( 1 . 9 7 1 )  f o u n d  
pe r ipo r t a l  h e p a t i c  h e r n o s i d e r o s i ' s  a n d  c h o l e s t a s i s  ' i n  dogs a n d  mice 
e x p o s e d  t o  5.0 a n d  2.0 ppm M M H  fo r  6 m o n t h s .  Ren 'a l  t u b u l a r  hemo- 
s i d e r o s i s  of ' t h e  p r o x i m a l  c o n v o l u t e d  t u b u l e s  was also repor ted  
f o r , t h e  same species.  ' 

I ,  

I 

H y d r a z i n e s  a d m i n i s t e r e d  in t h e  d r i r i k i n g  i?ater of S w i s s  mice 
a n d  G o l d e n  S y r i a n  hamsters wetre r e p o r T e d  by T o t h  (1972 ,  197,3)  'to 
h a v e  c a r c i n o g e n i c  a c t ' i v i t y . ' .  I n  t h e  f i r s t  of these s t u d i e s ,  s o l u -  
% i o n s  of 0 .OOl '% ' h y d r a z i n e  a n d  m e t h y l h y d r a z i n e  s u l f a t e  were g i v e n  
a d  l i b i t u m '  t o  5- a n d  6-week o l d  r a n d o m l y  b r e d  S w i s s  m i c e ' f o r  
t h e i r  e n t i r e  l ifetimes' .  Hydr  - t i n e  a n d  m e t h y l h y d r a z i n e  s u l f a t a  
s i g r f i f i c a n t l y  i n c r e a s e d  i n c i d e n c e  of l u n g  t u m o r s '  i n  t ' h e  mice, 

' w h i l e  m e t h y l h y d r a z i n e  e n h a n c e d  th ' e  d e v e l o p m e n t  of n e o p l a s m s  b y  
s h o r t e n i n g  t h e  l a t e n t  p e r i o d .  T o t h  a n d  S h i m i z u  ( 1 9 7 3 ) ' r e p o r t  a 
s t u d y  i n  w h i c h  G o l d e n  S y r i a n  harnste.rs r e c e i v e d  0.01% m e t h y l h y d r a -  ' 

z i n e  i n  d r i n k i n g  waterl- a d  l i b i t u m  f o r  l i f e .  M a l i g n a n t  h i s t i o -  
cytomas ( K u p f f e r  c e l l  sarcomas) wei-e o b s e r v e d  i n  ' t h e  l i v e r s  o f  
54% of t h e  m a l e . h a m s t e r s  t r e a t e d ,  w h i l e  n o n e  were, o b s e r v e d  i n  t h e  
c o n t r o l  g r o u p s .  

E a r l i e r  s t u d i e s  o f  M M H  c a r c i n , o g e n i c i t y  by K e l l y  e t  a l .  
(1969) a n d  Roe e t  a l .  (1967) d i d  n o t  d e m o n s t r a t e  a n y  i n c r e a s e , i n  
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t u m o r  i n c i d e n c e  o v e r  c o n t r o i  an imals .  Roe a d m i n i s t e r e d  0.5 m g  
MMH/day by  m o u t h  t o  S w i s s  mice o n  a 5 d a y / w e e k  schedule  F o r  4 0  
w e e k s  a n d  f o u n d  a l o w e r , i n c i d e n c e  of p u l m o n a r y  a d e n o m a s  c o m p a r e d  
t o  u n t r e a t e d  c o n t r o l s .  K e l l y  repor ted  t h a ' t  oral a d m i n i s t r a t i o n  
o f ,  2% a q u e o u s ,  s o l u t i o n s  of M M H  a t  a qose o f ,  0.2 rnL/mousc t ' r i  fe- 
maLe CDFi flli.ce, a n d  i . p .  a d m i n i s t r a t i o n  of 0 . i  mi:/mouse i n  male . ' 

mice of t h e  same s t r a i n  p r o d u c e d  no more l u n i  adenomas or l euki3-  
rni.as t h a n  were f o u n d  i n  u n t r e a t e d  c o n t r o l s  a f t e r  8 ' w e e k s  o f  
t rea tine n t . 

MacEwen' a n d  V e r n o t  (1975) t epor t ed -  the r e s u l t s  of s. 2 - y e i r . .  
d r i n k i n g  w a t e r , ' s t u d y  in w h i c h  h a m s t e r s  we're g i v e n  u n t r e a t e d  a n d  
a c i d i f i e d  d r i n k i n g  water (pH 3.5) c o n ' t a i n i n g  0.01% h ! M H .  A t h i r d  

t ,rols. N e i t h e r  t h e  i n c i d e n c e ,  d e g r e e  of. s e v e r i t y ,  n o r  age  a t  ,' 

o n s e t  of n o n - n e o p l a s t i c  p a t h o l o g i c  c h a n g e s  w a s  m a r k e d l y  d i f f e r e ' n t  
' i n  a n i m a l s  d r i n k i n g  a q u e o u s  M M H  a n d  c o n t r o l  a n i m a l s , .  Neopl.asms ' 

o c c u r r i n g  o n l y  i n  t h e  e x p e r i m e n t a l  g r o u p s  i n c l u d e d  o n e  heman$io- 
e n d o t h e l i o m a  of t h e  l i v e r , '  t w o  h e p a t o c e l l u l a r  c a r c i n o m a s ,  a n d  one 
c u t a n e o u s  mel.anoma. ' T h e y  were d e r i v ' e d  8from four d i f f e r e n t  c e l l  . . 

t y p e s . a n d ,  as s u c h ,  c b n s t i t u t e  a 4% i n c i d e n c e  f o r  e a c h  t .umor i n  

g r o u p  of h a m s t e r s  was g i v e n  a c i d i f i e d  water a s  u n e x p o s e d  con-  I '  

, t h e i r  r e s p e c t i v e  g r o u p s  of a n i m a l s ,  e x c e p t  f o r  a n  8% i n c i d e n c e .  of 
h e p a t o c e l l u l a r  carcinoma. 0 .  

T h e  r e p o r t e d  i n v e s t i g a t i o n s  p r e s e n t e d  some e v i d e n c e  t h a t  hlMH 
may be  c a r c i n o g e n i c  and therefore  may pose B h a z a r d  to 'man.  This 
s t u d y  w a s  u n d e r t a k e n  t o  d e t e r m i n e ' o n c o g e n i c  e f f e c t s  i n  l a rge  
e n o u g h  p o p u l a t i o n s '  t o  r e v e a l  r e a s o n a b l y  s m a l l  i n c r e a s e s  i n  ' t u m o r  
i n c i d e n c e .  , 

, 

I 

MATERIALS AND XETHODS 

Test Agent 

' M o n o m e t h y l h y d r a z i n e  f o r  u s e  i n  this s t u d y  was p r e p a r e d  by 
O l i n  C o r p o r a t i o n .  T h e  b a t c h  of MMH was p u r i f i e d  a t  O l i n  by bub: 

C o n t a m i n a n t s .  F i v e  l i t e r s  were d e l i v e r e d  i n  t w o  c o n t a l - n e r s  a n d  
rebot t led  a t  t h e  THRU i n  100 mL u n i t s  u n d e r  n i t r o g e n .  T h i s  W E S  

d o n e  t o  m i n i m i z e  o x i d a t i v e  d e g r a d a t i o n  d u r i n g  u s e  a n d  a l s o  t o  
r e d u c e  h a z a r d s  of h a n d l i n g  l a r g e  v o l u m e s  r o u t i n e l y .  

" b l i n g  n i t r o g e n  gas  t h r o u g h  i t  t o , d r i v e  o f f  t h e  more 'volatile 

A n a l y s i s  of Chamber C o n c e n t r a t i o n  

T t e  a n a l y t i c a i  p r o c e d u r e  for m o n i t o r i n g  M M H  c o n c e n t r a t i o n s  
i n  t h e  chambers  was a m o d i f i c a t i o n  of  t h e  m e t h o d  r e p o r t e d  by 

23 
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i 
' G e i g e r  a n d  Vercot (1967) .  A c h a m b e r  a i r  s a m p l e  was d r a w n  t h r o u g h  

, v a p o r  w i t h  a p o t a s s i u m  i o d i d e  absorber  s o l u t i o n . '  T h e  c h a m b e r '  MMH 
a g l a s s  s c r u b b e r  co lumn f i l l e d  w i t h  g l a s s  b e a d s  t o  m i x  t h e  M h l H '  

c o n t a m i n a t e d  a i r ,  r e d u c e d  t h e  i o d i n e  t o  co lo r l e s s  i o d i d e  i o n )  pro- 
p o r t i o n a l  to t h e  a m o u n t  of MMH p r e s e n t  i n  accord w i t h  Beer's 
Law. The a i r  a n d  l i q u i d  were s e p a r a t e d  a n d  t h e  l i q u i d  was pumped 

' t o  a T e c h n i c o n  A u t o A n a l y z e r Q  t o  d e t e r m i n , e  M M H  c o n c e n t r a t i o n .  
O v e r  t h e  y e a r - l o n g  se r ies  of , ' d a i l y ,  e x p o s u r e s ,  t h e  M M H  c o n c e n t r a -  
t i o n s  were m a i n t a i n e d  . w i t h  d a i l y  r e l a t i v e  s t a n d a r d  d e v i a t i o n s  'of 
10% or less i n '  a l l  chambers'. ! 

, 
I ,  I ,  

# e  

I ,  
I .  

Animals  . ' I (  

I 

P i s c h e r  344 r a t s  ( C D F [ F 3 , 4 h J / C r l B R ) 1 ,  G o l d e n  S y r i a n  h a m s t e r s  

MMH b y ,  t h e  ' i n h a l a t i o n  r o u t e  i n  840 cub ic '  f o o t  c h a m b e r s  d e s c r i b e d  
by Thomas (1965) , f o r  1' y e a r '  u s i n g  a n  i n d u s t r i a l  w o r k  ,week 
s c h e d u l e  o'f 6' h o u r s / d a y  , ' 5 d a y s / w e e k  w i 8 t h  h o l i d a y s  a n d  w e e k e n d s  
o f f  t o  s i m u l a t e  a n  i n d u s t r i a l  e x p o s u r e  r e g i m e n  'for man!, Rats a n d  
mice were 10 weeks of a g e ,  hamsters 1 2  w e e k s  of age,  a n d  d o g s  1 1  
t o  20 m o n t h s  o f .  age a t  t h e ' o n s e t  of t h e  ' s t u d y .  ' Food was , a v a i l -  
able  o n l y  d u r i n g  n o n e x p o s u r e  p e r i o d ' s  w h i l e  wate'r was a v a i l a b l e  a d  
l i b i t u m .  A n i m a l  a s s i g n m e n t s  a n d  e x p o s u r e  c o p c e n t r a t i o n s  (ppm) 
s e 1 ec t ed'  were : 

' ( t a k : L V G [ S Y R ) ) i ,  C57BL/6J m i c e 2 ,  a n d  beag le  d o g s 3 ' w & r e  e x p o s e d  t o  

I ,  

5.0 0 : o  . 0.02 Species S e x  

Rats Male 150 100 . 100 100 ' 100 
Fcma l e  150 100, 100 100, 100 

- 2.0 
7 

0.2 
' -  - 

--- Mice Fema l e  400 400 400 400 
I ,  

I 

200 200 . 200 )Hamsters Ma l e  200 --- 
Dogs  Male 4 ,, ". --- - -- 4 '  4 

4 4 --- , --- F e m a l e  4 

I ,  

I ,  

Charles R i v e r  B r e e d i n g  L a b o r a t o r y ,  W i l m i n g t o n ,  M a s s a c h u s e t t s .  
J a c k s o n  L a b o r a t o r i e s ,  Bar Harbor, Maine. 
R i d g l a n  Farms, I n c . ,  301 W .  M a i n  ,S t ree t ,  M t .  Horeb, f f i s c o n s i n .  
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EXPERIMENTAL RESULTS 

Growth 
. . . , . ,  

M M H  e x p o s u r e  c a u s e d  a dose  r e l a t e d  d e p r e s s i o n  of g r o w t h  r a t e  
i ,n  male r a t s  t h r o u g h o u t  t h e  e n t i r e  s t u d y .  T h i s  was p a r t i c ' u l a r l y  
e v i d e n t  a't t h e  5 ppm c o d c e n t r a t i o n  where g r o w t h ' w a s  i n h i b i t e d  ( .  

t h r o u g h  t h e  e x p o s u r e  p e r i o d .  T h e  e f f e c t s  were .l,ess n o t i c e a b l e  a t  
t h e ,  0 .2  a n d  0 .02 ppm MhlH e x p o s u r e  l e v e l s ,  b u t  w e i g h t s "  were s t a -  . ' 

t i s t i c a l l y  d i f f e r e n t  f rom t h e i r  u n e x p o s e d  c o n t r o l s  t h r ' o u g h o u t ;  t h e  ' 

t r e a t m e n t < p e r i o d ;  R a t s  a t ,  a l l  l e v e l s  of MMH, e ' x p o s u r e  c o n t i n d e d  I I 1 
t o  s h o w  s t a t i s t i c a l l y  s i g n i f i c a n t  d e p r e s s i o n  i n  h e a n  w e i g h t s  when 
compared t o  t h e i r  r e s p e c t i v e  c o n t r o l  g r o u p s  f o r  t h e  e n t i r e  52 
weeks  p b s t e x p o s u r e  o b s e r v a t i o n .  p e r i o d .  
female' ca t s  f l u c t u a t e d  'more t h a n  t hose  of males, b u t  t h e  v e i g h t s  
o f  t h e  t w o  h i g h e s t  e x p o s u r e  c o n c e n t r a t i o n  g r o u p s  r e m a i n e d  s i g n i f -  
i c a n t l y  below t h e  c o n t r o l  g r o u p  f o r  t h e  d u r a t i o n  o f , t h e  e x p o s u r e . '  
After l - y e a r  o n l y  the  5.0 ppm e x p o s u r e  g r o u p  was s i g n ' i f i c a n t l y ,  
lowei i n  w e i g h t  t h a n  c o n t r o l s .  ' T h e r e a f t e r ,  a l l  e x p o s e d  groups' 
g a i n e d  a t  2 s i g n i f i c a n g l y  slower ra te  t h , a n  c o n t r o l s . ,  t 

A l l  groups of h a m s t e r s  showed t h e  b imodal  w e i g h t  d i s t h i b u -  
t i o n  s e e n  i n  p r e v i o u s  s t u d i e s  w i t h  t h i s  species  (MacEwen e t  a l . ,  
2981). T h e  mean w e i g h t  of t h z  5 ppm MMH e x p o s u r e  g r o u p  o€ ham- 
s te rs  showed a d e f i n i t e  d e p r d s s i o n  when compared to  t h e  u n e x g o s e d  
c o n t r o l  g r o u p .  T h e  t w o  i n t e r m e d i a t e  c o n c e n t r a t i o p  .level's re- 
m a i n e d  below c o n t r o l  v a l u e s  i n  most 'cases, b u t  d i d  n o t  s h o w  a 
c lear  dose r e s p o n s e  a s  was s e e n  i n  t h e  male r a t s .  I n  c o n t r a s t  ' t o  
t h e  rats,  h a m s t e r s  e x p o s e d  t o  5 ppm M M H  were a b l e  t o  g a i n  w e i g h t  
a n d  f i n a l l y  o v e r t ' a k e  t h e  c o n t r o l  g r o u p  d u r i n g  t h e  p o s t e x p o s u r e  
phase  of t h e  s t u d y .  

I 

,' 

' ,  

Mean b o d y  w,eigh t s  of 

1 

I '  

C l i n i c a l  Laboratory Measurements 

T h e  h e m o l y t i c '  e f f e c t s  s e e n  i n  t h e  e x p o s e d  dog g r o u p s ,  were 
simi1,ar t o  t h o s e  s e e n  i n  a p rev ious  l o n g - t e r m  MMH s t u d y  d o n e  i n  
o u r  l a b o r a t o r y  ( 'Haun,  1970).  T h e  mean r e d '  b l o o d  ce l l '  c o u n t ,  ' 

h e m o g l d b i n  a n d  hematocrit  v a l u e s  were depressed,  s t a r t i n g  a f t e r  2 
w e e k s  of e x , p o s u r e  a n d  c o n t i n u i n g  t h r o u g h  t o  ' t he  c o n c l u s i o n  of t h e  
e x p o s u r e .  S t a t i s t i c a l  a n a l y s e s  of t hese  m e a s u r e m e n t s  r e v e a l e d  
s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  t e s t  g r o u p s  a n d ' t h e i r  

I !  
' , - o n t r o l s  a t  almost e v e r y  s a m p l i n g  p o i n t .  

T h e  SGPT v a l u e s  i n c r e a s e d  s i g n i P i c a n t l y  i n  t h e  2 ppm M M H  
e x p o s e d ,  g r o u p  8.t t h e  f i r s t  b i w e e k l y  s a m p l i n g  a n d  c o n t i n u e d -  t o  
i n c r e a s e  for 1 2  weeks .  This w a s  fo l lowed  by a s l i g h t  d e c l i n e ,  
b u t  v a l u e s  r e m a i n e d  a p p r o x i m a t e l y  5 - f o l d  g r e a t e r  t h a n  c o n t r o l s  

8 ,  .. I .  



, 
i 

f o r  t h e  r e m a i n d e r  of the, exposure , .  T w i c e ' d u i i n g  t h e  s t u d y ,  a t  18 
I ' a n d  46, w e e k s ,  o n e  dog' e x p o s e d  a t  t h e  0 . 2  ppm M M B  c o n c e n t r a t i o n  

n o ' r m a l  l e v e l  a t  t h e  n e x t  s a m p l i n g  p e r i o d  w h i l e  t h e  r e s t  of t h e  
d o g s ,  i n  t h a t  g r o u p  r e m a i n e d ' m a r g i n a l l y  e l e v a t e d  o v e r  c o n t r o ' l s .  
C o n c u r . r e n t  w i t h  h i g h  SGPT v a l u e s ,  i n c r e a s e s  i n  a l k a l i n e  p k o s -  
p h a t a s e  a n d  b , i l i r u b i n  v a l u e s  were most compatible  w i t h  l i v e r  
s t ress  f o r  t h e  2 pprn MbiFi e x p o s e d  d o g s .  Cogs e x p o s e d  t o  0 . 2  pum 

' l e v e l  e x h i b i t e d  a n  e x t r e l t a l y  h i g h  SGPT v a l u e  w h i c h  r e t u r n e d  to a 

I s were n o ' t ' d ' i f f e r e n t  f r o m  c o n t f i o l s  . , i n  t hese  p a k a m e t e r s .  

M e t h e m o g l o b i n  v a l v e s  d e t e r m i n e d  for t h e  2 ppm e x p o s e d  d o k s  

t h e  m e a s u r e m e n t s  made d u r i n g 1  t h e  c o u r s e  of t h e  exposure as we1 1 
as  a t  t h e  ' c o n c l u s i o n  showed h i g h e r  v a ' l u e s  f o r  t hese  dogs w i t h  
g r o u p  mean m e t h e r n o g l o b i n  v a l u e s  r a n g i n g  f r o m  0.97 t o  1.83%: ,; 
M e t h e m o g l o b i n  v a l u e s  i n  dogs  exposed  to 0.2 pgm MMH were d i f f e r -  
e n t  from t h e i r  u n e x p o s e d  c o n t r o l s  on ly  a t  t h e  6-month s a m p l i n g  
p e r i o d .  ) T h e  i n c r e a s e  i n  m e t h e m o g l ' o b i n  i n ' t h e  2 ppm hIMH e x p o s e d  
d o g s  c o n f i r m e d  t h e  methemoglobin  e f f e c t s  s e e n  i n  t h e  dogs  i n  
p r e v i o u s  s t u d i e s .  

' w e r e  s t a t i s t ' i c a l l y  h i g h e r  t h a n  t h e i r  unexposed1 c o n t r o l s :  E a c h  o f *  

, ,  
BSP r e t e n t i o n '  i n  t h e  2 .0  ppm e x p o s e d '  d .ogs  was s i g n i f , i c a n t l y  

h i g h e r  t h a n  t h a t  m e a s u r e d  i n  u n e x p o s e d  c o n t r o 1 . s  a t  e x p o s u r e  t e r -  
m i  n a t i o n ,  b u t  b y  2 we.eks  p o s t e x p o s u r e  BSP m e a s u r e m e n t s  i n  e x p o s e d  
dogs h a d  r e t u r n e d  t o  c o n t r o l  c i a l u e s .  SGPT v a l u e s  i n  dogs  e x p o s e d ,  
t o  2 ppm r e t u r n e d  to  normal l e v e l s '  w i t h i n .  4 w e e k s  p o s t e x p o s u r e .  
B i a n n u a l  . e x a m i n a t i o n s  of t h e  d o g s  d u r i n g  t h e  5 - y e a r  p o s t e x p o s u r e  
pe r iod  s h o w e d  a l l  b l d o d  parameters t o  be  w i t h i n  normal l i m i t s .  

$ .  

Pathology 
4 

R a t s ' -  L e s i o n s  most f r e q u e n t l y  s e e n  i n  male a n d  female r a t s  
_I_ 

0. a r e  shown i n  T a b l e s  3 a n d  4 ,  r e s p e c t i v e l y .  There were no a d v e r s e  
MMH e x p o s u r e - r e l a t e d  l e s i o n s  i n  e i t h e r  male or female r a t s  b u t ,  
a s  F r e q u e n t l y  h g p p e n s  w i t h  s t ressed  r o d n . t s ,  'here were dose  
re!ated decreases  i n  the i n c i d e n c e  of l e u k e m i a  a11d i n  p i t u i t a r y  
adexiomas a t  t h e  h i g h e s t  dose.  The o v e r a l l  t u m o r  i n c i d e n c e '  ( b o t h  
b e n i g n ' a n d  m a l i g n a n t ' )  w a s  comparable  i n  a l l  groups of r a t s .  

I t  

H a m s t e r s  - H i s t o l o g i c  e x a m i n a t i o n  o f  h a m s t e r  t i s s u e s  ( T a b l e  
5 )  r e v e a l e d  some m o d e s t  b u t  s t a t i s t i c a l l y  s 1 , g n i f i c a n t  i n c r e a s e s  
i n  n o n - , n e o p l a s t i c  l i v e r  l e s i o n s  i n  t h e  e x p o s e d  groups'of h a m s t u b s  
i n d i c a t i n g  a c h r o n i c  hepatotoxic k f f e c t .  H e p a t i : i s  was increased ' 

i n  t h e  h i g h  e x p o s u r e  g r o u p  w h i l e  b i l i a r y  c y s t s  were i n c r e a s e d  i n  
a l l  k r o u p s  of e x p o s e d  h a m s t e r s .  
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TABLE 3. LESIONS FOUND IN FISCHER 344 MALE RATS FOLLOWIWG 
INHALATION OF MMH VAPOR FOR 1 Y E A R  ,(INCIDENCE R A T I O )  

Unexposed 0 .02  ppm ' G-2 spm 2 . G  ppm 5.0 pps 
C o n t r o l s  Exposed Exposed Exposed E x p c s e d  

Luzg Carcinoma 71150 61100 0/100 3 199, 1. )99 

Mononuclear C e l l  
L e u k e m i a  181150 9 / i o o  3/100b 3 / 9 g b  4 /9gb  

P i t u i t a r y  Adenoma I 441150 34/10Q 32/100 23/99 18 /99  , '  

I ,  * I  , ,  , I  I I '  
I .  

Kidney Nephropathy 113/150. 57/100a 82/100b 60/9ga ,'40/9ga . .  . *  

; 6 4 1 T e s t  i d u l a r  
I n t e r s t i t i a l  

' ' C e l l  Tumor 1251 149 86/1OOa 89/100a ' 73/95  80196 

Thyroid "C" C e l l .  
-. 

Adenoma 2 2 p o  17! 104 18,/ 100 15!99 ' 3/99a 

, .  

-. - .  . ,  
, .  

4 5 
.- e-. D i f f e r e n t  f rom c o n t r o l s  p < 0.01. 

, .  -. D i f f e r e n t  from c b c t r o l s ,  p < 0.05. -.  
I ,  .' 

1 ,  
* .  . -  

TABLE 4. LESIONS FOUND I N  FISCHER 344 F E M A L E  RAT'S F O L L O W I ~ G  
I 

I , .  
)'. @ INHALATION.OF MMR VAPOR FOR 1 YEAR ( I N C I D E N C E  RATIO)  

-. 
. + ,  . ~ ..- Unexpoqed 0.02 pprn 0 . 2  ppm 2,O pprn 5.0 ppm 

C o n t r o l s  Expased Exposed Exposed Exposed , I  
.. 
.- - - -  I , . "  I !  . t  

Lung :  
Adenoma 1 /149  1 / 9 9 ,  21100 1 / 9 9  1 /99  

I , C a r c i n o m a  31149 I 5 /99 , 1 / 100 3 /99  0199 .. 6 - -  -. 
,. _. ' ' I ,  

' Mononuclear C e l l  -7: I 

:- ic 

. ._ , I .e .. Leu kemi  a 1.9/ 149 6 / 9 9  5/1oob 1 /99a  , 0/99a 
. .- 
D . -  

I 

' ..- I - -  
I ... . - b  .. , 

P i t u i t a r y  A.denoma 431149 ' ' 45 /9ga  43/100a 48/9ga 26/99 

Kidney Nephropathy 321149 , 12/99  19/100 23/99 15/39  

M a m d  r y  : 
Hyperp la s i a  101 149 9 / 9 9  10/130 18 /99  9 /99  
Adenoma 15)143 10199 1 o / r o o  9 /99  9/99 
Ad enoca r c i  noma 5/,149 * 1 /99  0/100 0199 2 /93  

.- 
*>' 

:.\ D i f f e r e n t  from c o n t r o l s ,  y < 9.01. 
$2 D i f , f e r e n t  from c o n t r o l s ,  p < 0.05. 
L 

.' 

.-. . 

.-.? 
-. 
* -  - . '  * -  - .  

8 -* 
8 .  . .-. . .- . .  
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TABLE 5 ,  ,LESIONS' FOUND IN GOLDEN S Y R I A N  HAMSTERS FOLLOWING 
INHALATION OF MMH VAPOR FOR 1 YEAR (INCIDENCE RATIO) . 

Unexposed 0.2 ppm 2.0 pprn 5.0 ppn 
, C o n t r o l . s  Exposed Exposed  Exposed  

Liver: 
Hepatit is  ' 20/ '94 151175 ; 24/177" 31/174a 
B i l i a r y  C y s t s  4 11 194 67./1?5b 7,3/177b 761174b I 

Nares: ' 
*Submucosal Cysts 0 3 , 35/190 ~ 5 2 / 1 7 7 ~  56118ObJ 46/177 , I  

R h i n i t i s  12/ 190 211177" 25/3180a 28/177b 
Ade nokm 1/ 190 O /  177 0/180 , 7/177a 
Po 1 Y  P 0/190 I 0/177 9,/180b 1 1/177b 
H y perp 1 a s  i a o/ 190 0/177 21180 4!177 

Lung  : ! '  

' Atelectasis  01189 2/177 ' ,5/174a 7/174b 
B r o n c h o g e n i c  Adenoma o/iss '0 j177 O /  17-4 1/174 
Alveolar Adenoma *O/ 189 0/177 0/174 , 1/174 ' 

' 4  

1 ,  

K i d n e y s :  
i I n t e r s t i t i a l  F i b r o s i s  ' '751195 83/179 105/17sb 96/177a 

Lytiph Ncdesi 
, R e t i c u l o e n d o t h e l i a l '  , 

7/ 192 51 167 2/170 61168 t u m o r s  
12/167 15/170 6/168 I I , Lympho id  h y p e r p l a s i a  , 26/192 

Adrena l s f  
I C o r t i c a l  adenoma 

( B e n i g n )  1 6 j i g i  16/173, , 10/172 23/17sb 
I C o r t , i c a l  a d e n o m a ,  

X M a l i g n a n t )  , 11/191 14/ 173 ii/i72 . ro/ icrs  ' 

I .  

Bone : 
Osteoma 0/190 ' o / r s o  2ji8i 11182 

$ 8  ' 
L ,  a D i f f e r e n t  from c o n t r o l s ,  p 6 0.05. , ,  

Different from controls, p 4 0.01. 

I. . I .  

B o t h  n o n - n e o p l a s t i c  a n d '  neop la s t i c  c h a n g e s  were 'Ancreased 5.n 
t h e  n a s a l  c a v i t y  of exposed  h a m s t e r s .  Submucosal c y s t s ,  rhj . i i i . t i  s 
a n d  e p i t h e l i a l  h y p e r p i a s i a  i l l creased i n  i n c i d e n c e  i n  t h e  exposed 
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animals. More i m p o r t a n t l y , ,  t h e '  p r e s e n c e  of, n a s a l  t u m o r s  ( a d e n o -  
m a s  a n d  p o l y p s )  i n  t h e  a n i m a l s  exposed  t o  . t h e  h i g h e r  l e v e l s  i s  
s i g n i f i c a n t  as n a s a l  t , u m o r s  are  rare i n  a g e d  h a m s t e r s .  S i g n i f i -  
c a n t  n u m b e r s  o f  a d e n o m a t o u s  p o l y p s  a l s o . ' a p p e a r e d  i n  t h e  noses  o f  

6 h o u r / d a y ,  5 d a y l w e e k  s c h e d u l e  (MacEwen a n d  V e r n o t ,  1979).  

t h e  i n c i d e n c e  o f  f o c a l  co l lapse  of t h e  l u n g  seen i n  h a m s t e r s '  
e x p o s e d ' t o  t h e  t w o  h i g h e s t  c o n c e n t r a t i o n s  of MMH. 

. h a m s t e r s  e x p o s e d  t o  5 ppm h y d r a z i n e  for I y e a r  o n  a n  i n d u s t r i a l  . . 

T h e r e  i s  a modest b u t  s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e  i n  
, ,  

, Mice - N o n - n e o p l a s t i c  lesioGs f o u n d  i n 1  mice a re ,  l i s t e d  i n  ' 

nasa l  c a v i t y ,  ' s u c h  , a s  n a s a l  i n f l a m m a t i o n ,  p l a s m a c y t o s i s ,  a n d  hem- 
' o r r h a g e  , i n  t h e  m a n d j 5 u l a r  lymph n o d e s .  A n u m b e r  ,of c h a n g e s  w e r e  
s e e n  i n ' t h e  liver w i t h  marked Increases i.n i n c i d e n c e  of  c y s t s ,  
b i l e  d u c t ' h y p e r p l a s i a ,  h e p a t o c e l ' l u l a r  p l e o m o r p h i s m  a n d  g a l l b l a d -  
der c r y s t a l s  i n  t h e  htigh e x p o s u r e  g r o u p .  S t a t i s t i c a l l y  s i g n i f i -  , 
c a n t  i n c r e a s e s  in a , n g i p c t a s i s  were a l so  seen i n  t h e  h i g h e s t  M M K  
e x p o s u r e  group of mice. 

- T a b l e  6 .  T h e r e  were ' s i g n i f i c a n t  i n c r e a s e s  i n  < i r r i t a t i o n  ' o f  t h e  . I  I 

I . .  
. '  ' 

I 

TABLE 6- NON-NEOPLASTIC LESIONS FOUND I N  C57BL/6 MICE 
FOLLOWING INHALATION OF MMH VAPOR FQR 1 YEAR (INCIDENCE H A T I O )  

U n e x p o s e d  0 . 0 2  pprn 0.2 ppm 2 . 0  ppm 
C o n t r o l s  E x p o s e d  E x p o s e d  E x p o s e d  

Nasa I n f 1 amrna t i o n  ' 101367 35/354b 1?/349 28/355b 

M a n d i b u l a r  Lymph Node: 
P l a s m a c y  t os is 17/322 50/344b 4 6 / 3 3 0 b  3 1 1 3 2 9  
H emor r h  a g e  2/322 71344 71330 l0 /32ga  

L i v e r  C y s t s  3/373 4 1 3 5 7  

B i  1 e D u c t  H y p e r p l a s i a  21373 21357 

Hepatocyte P l e m o r p h i s r n  ' 111373 ' 61357 

C a l l b i a d d e r  C r y s t a l s  , 10./303 ' 71295 

A n g i e c t a s i s  , ' 161387 261'371 ' 
I I .. 

K i d n e y :  
H y d r o n e p h r o s i s  4 1 3 7 4  111362 

2 2 / 3 7 4  4 1 3 6 2  c y s t s  I ,  

- 

a D i f f e r e n t  fr'o,,, q o n t r o l s ,  p < 0.05. 
D i f f e r e n t  f r o m  c o n t r o l s ,  p < 0.01. ' 
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1'31357" 39/363b ' 

11357 17/363b 

11/35? 33/363b 

81315 ' S 3 / 3 1 2 b  

2 9 / 3 6 s a  59]!37lb 

6 1 3 5 3  1 4 / 3 6 5 a  
10/353a 71365 

8 '  
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. .  I '  

Neoplastic les ions  found i n  mice after exposure t o  !I!!!:, a re  
shown i n  Tab,le 7. AdenQmas and adenonatous p o l y p s  werc'seen i n .  
t h e  nasal mucosa of a few mice a t  the highest  ,?:lMH' e x p o s u r e  l e v e l .  
A l t h o u g h  t h e  numbers are not large, t h e y  & r e  considered s i g n i f i -  , 

cant s i s ce  none were f o u n d  ih the control  g r o u p , ' a ' n d  w e  rarely 
see these les ions  i n  untreated mice. There w e r e  marked, d o s e  d e -  
pende.nt increases i n  lung tumors seen i n  rnice'exposed t o  0 . 2  a 'nd 
2 ppm M M H .  A sm,all number of unusual neoplasms (osteomas) were 
observed i n  nasal  t i s s u e  of the 2 . 0  ppm.expos'ed mice. 

' 

I I ,  
TABL$ 7 .  , NEOPLASTIC 'LESIONS FOPND',IN C57QL/6 MICE FOLLOWING, 

I ' I  INHALATION OF MMH VAPOR' FOR 1 .YEAR (INCIDENCE' RATIO) , 

Unexposed 0.02 p p q  0 . 2  ppm. 2 .0  ppm 
Controls , Exposed Exposed E x p o s e d  

, .  

I .  Nasai Mucosa: 
I .  Adenoma' O /  367 1 f 354 01349 1/355 ' 

Adenoma tous' p o l y p  01367 , 01354 . 01349 4/355 
Os teom. 01367 0135.3 0/343 3 / 3 5 5  

4 r e a p ' i r i t o r y  mucosa.) 01387 2/354 1/349 4/,3!55 

. E p i t h e l i a l  neoplasms , 
(nasa l  and  

I 

Lung : 1 ,  

Adenoma 13/364 161354 23/347 56/360b 
Ca r c i n orna 8 ,  0 / 3q4  1 /354 2/347 31360 

L i v e  r: 0 

Adenoma 61373 21357 5 / 3 5 7 ,  20/363b 0 

Car c i n wna 21373 4/357 4/35? 1 4 / 3 6 s b  

. Duodenum Adenoma 
I 

Hem ngi o m  5/387 9/37 1 5 / 3 6 8  2 2 / 3 7  1 
J , 

1 *  He m a  n g i os a r c o m  11387 4/371 41368 5 / 3 ' / 1  ' 

" .. . 
Different f , rom'controls ,  p < 0 . 0 5 .  

b Il ifferent from cont-rols,  p < 0.01. 

*. 
S t a t i s t i c a l l y  , s ign i f icant  increases i n  liver a d p n o m s  nr 

carcinomas were &lso seen i n  mice e;Tposed t o  2 ppm M M H ,  a n d  p a r -  
a l l e l  pleomorphic changes were seen i n  hepfitocytes w ~ t . h  t~ s i g n i f -  
i can t  increase a t  t h e  highest dose l e v e l .  N d o p l a s t i c  vascular 
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I 

I 

: 

I 

1 I 

I 

l e s i o n s  ( h e m a n g i o m a s )  <were m a r k e d l y  i n c r e a s e d  i n  t h e  h i g h  e x p o -  
s u r e  l e v e l :  

I 

I 

Dogs - N o  M M H  i n d u c e d  l e s i o n s  were f o u n d  i n  a n y  o f  t h e  MRlH 
e x p o s e d  d o g s .  T h e  les ions s e e n  w e r e , t h o s e  n o r m a l l y  f o u l i d  i n  a g e d  
' b e a g l e  d o g s .  . I  

I 
I 

I DISCUSSION 1 

I 

I i n  r a t s  a n d  h a m s t e r s .  , A l t , h o u g h  t h e  r a t s  a p d  h a m s , t , e r s  s h o w e d  a n  ' , 
accelerated w a k g h t  g a i n ' y o s t e x y o s u r e ,  t h e y  r e m a i n e d  s i g n i f i c a n t l y  
smaller t h a n  t h e i r  r e s p e c t i v e  , u n e x p o s e d  c o n t r o l  g r o u p s .  

C h r o n i c  e x p o s u r e  t o  M M H  v a p o r s  r e s u l t e d  i h  depressed g r o w t h  , 

, I  

4 
- ,  

H e m a t o l o g i c  e f f e c t s  of MMH e x p o s u r e 1  were seen i n  d o g s  a f t e r  
2 w e e k s  a n d  c o n t i n u e d  t h r o u g f i o u t  t h e  t r e a t m e n t  p e r i o d .  L i v e r  
i n s u l t ,  as , i n d ' i c a t e d  b y  increases  i n  SGPT, a l k a l i n e  p h . o s p h a t a s e ,  
a n d ,  b i l i r u b i n  l e v e i s ,  w a s  p r e s e n t  d u r i n g  e x p o s u r e ;  h o w e v e r ,  t h e  
SCPT v a l u e s  of t h e  2 ppm e x p o s e d  d o g s  r e t u r n e d  t o  normal l e v e l s  4 
w e e k s ' p o s t e x p o s u r e .  This, was a s u r p r i s i n g  a n d  much more r a p i d  
r e c o v e r y  t h a n  s , e e n , i n  d o g s  e x p o s e d  t o  5 .0  ppm UbMH w h e r e  i t  

, r e q u i r e d  more t h a n  11 w e e k s  t o  r e t u r n  t o  c o n t r o l  l e v e l s  ( M a c E w e n  

MMH e x p o s e d  d o g s  t o  u n e x p o s e d  c o n t r o l  l e v e l s  i n d i c a t e d  t h a t  t h e  ' 

M M H  i n d u c e d  l i v e r  i n j u r y  was r e v e r s i b l e .  

I 

' a n d  V e r n o t ,  1979). The r e t u r n  o f  BSP a n d  SG'PT m e a s u r e m e n t s  i n  I 

, .  
. .  

I O n c o g e n i c  c h a n g e s  were n o t e d  i n  t h e  r e s p i r a t o r y , '  h e p a t i c ,  
a n d  ' v a s c u l a r  s y s t e m s  of r o d e n t s .  
n o t e d  i n  n a s a l  t u m o r s  i n '  t h e  h a m s t e r s  e x p o s e d  t o  5.0 ppm a n d ,  

, a l t h o u g h  n o t  s t R t i s t i c a l . l y  s i g n i f i c a q t ,  h y p e r p l a s t i c  l e s i o n s  were 
a l s o  f o u n d  i n  t h e  a a s ~ l  mucosa of t h e  mice e x p o s e d  t o  2 pprn M M H .  
A l v e o l a r / b r o n c h i o l a r  a n d  h e p a t o c e l l u l a r  a d e n o m a s  a n d  c a r c i n o m a s ,  
a n d  v a s c u l a r  h e m a n g i o m a s  were a l l  f o u n d  i n  i n c r e a s e d  n u m b e r s  i n  , 

t h e  mice e x p o s e d  t o  t h i s  M M H  c o n c e n t r a t i o n .  

S i g n i f i c a n t  i n c r e a s e s  were 

' R a t s ' s h o w e d  no e x p o s u r e  re ' la ted l e s i o n s  a t  n e c r o p s y .  De- .' 
,c , reases  i n  p i t u i t a r y  a d e n o m a s  a n d  1 , e u k e m i a  i n c i d e n c e  have been 

i n o i e d  p r e v i a u s l y  i n  ' e x p e r i m e n t a l  an imals  e x p o s e d  t o  h y d r a z i n e  
: c o m p o u n d s  (MacEwen a n d  Vernot, 1 9 4 0 ,  11981) a s  w e l l  a s  o t h e r  ioxi 'c 

c o m p o u n d s  (Young a n d  Gries, 1984) .  H i s t o p a t h o l o g i c  c h a n g e s .  i n  
d o g s  were t ' y p . i c a 1  of a g i n g  a n d  u n r e l a t e d  t o  M M H '  exposure. 

I ,  

T h e  ACGIH a d o p t e d  a TLV c e i l i n g  c o n c e n t r a t i o n  o f  0 . 2  ppm 
(0.35 mg/m3) for M M k  i r i  1966 t h a t  h a s  r e m a i n e d  u n c k a n g s d .  ' That  
M H H  e x p o s u r e  t o  s k i n ,  m u c o u s  m e m b r a n e s ,  a n d  e y e s  could  c o n t r i b u t e  
t o  t h e  o v e r a l l  e x p o s u r e  t o  M H H  h a s  a l s o  b e e n  n o t e d  ( U .  8 .  Depa'rt-  
rnent  HEW, 1 9 7 8 ) .  T h e  c e i l i n g  c o n c e n i r a t i o n  o f  0.2 ppm was b a s e d  

31 , 
. .  
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o n  a conparison of t h e  acute t o x i c i t y '  o f  hlk lH w i t h  t h e t  o f  l ' , l- 
d i r n e t h y l h y d r a . z i n e  ( J a c o b s o n  e t  a l . ,  1956; i  S m y t h ,  195,6). T h i s  w a s  
l a r g e l y  b a s e d  o n  t h e  o b s e r v a t i o n  b y  J a c o b s o n  e t  a l .  t h a t  M M H  
r e sembled  1 , ' l - d i m e t h y l h y d r a z i n e  a n d  h y d r a z i n e  i n  i t s  t o x i c  'ef ' -  
f e c t s  a h d  t h a t  t h e  a c u t e  t o x i c i t y  of M M H  was a p . p r o x i m a t e l y  t h r e e  
t l m e s  t h a t  of 1 , l - d i m e t h y l h y d r a z i n e  (TLV = 0 .5  p p m ) .  , 

T h e  A m e r i c a n  C o n f e r e n c , e  of G o v e r n m e n t a l  I n d u s t r i a l  H y g i e n -  
is ts  ( A C G I H ,  1982) h a s  proposed a c l a s s i f i c a t i o n  s y s t e m  f o r  
e x p e r i m e n t a i  a n i m a l  c n r c i n o g e n s .  S u b s t a n c e s  o c c u r r i n g  i n  t h e  .oc- 
c u p a t i o n a l  e n v i r o m e n t  found c a , r c i . h q g e n i c  f o r  H n i m a i s  may b e '  
group$e,d , i n t o  t h r e e  c l a s s i f i c g t i o n s  r: t h o s e  , c r f ' b i g h ,  i n t e rmed ia t e ,  
a n d  low potency. I .  1 ,  

. .  ' I  

, I  
To q u a l i f y ,  as a c a r c i n o g e n  o f  i n t e r m e d f a t e  p o t e n c y ,  a '  s u b -  

s tance '  must f u l f i l l  o n e  of t h e  f o l l o w i n g  c o n d i t j o n s  i n  2 a n i m a l  ' 

species: 
v i a  t h e  r e s p i r a t o r y  t r a c t  i n  6-7 h o u r  d a i l y ,  r epea ted  i n h a l a t i o n  
e x p o s u r e s  t h r o u g h o u t  l i f e t i m e .  2 )  E l i c i t  c a n c e r  by  d a , i l y  i n t a k e  
v i a  t h e  g a s t r o i n t e s t i n a l  t r a c t ,  w i t h i n  a 6 m o n t h  h o l d i r l g  p e r . i o d ,  
a t  a d o s a g e  b e t w e e n  1 a n d  50 mg/kg body w e i g h t / d a y .  

1 )  E l i c i t  cancer from d o s i g e s  be'tween 1 F n d  10 m g / m 3  

T h e  A2 d e s i g n a , t i , o h  (industrial S u b s t a n c e s  S u s p e c t  of Car- 
c inogen ic  P o t e n t i a l  t o .  Mari) was' f i r s t  a s s i g n e d  t o  t h i s  compound 
i n  1980. T h e  d e s i g n a t i o n  was a ' s s i g n e d  a s  a r e s u l t  o f  t h e  s t u d i e s  
by  T o t h  a n d  S h i m i z u  (1973) .  A l t h u u g h  t h e r e  were c o n f l i c t i n g  

' c l a s s i f i c a t i o n  o f '  A 2  suspected c a r c i n o k e n '  was i n ' o r d q r , .  
' ' , r e s u l t s  of c a r c i n o g e n i c i t y  i n  h a m s t e r s ,  t h e  committee f e l t  t h e  

CONCLUSIGNS 

M a l i g n a n t '  h i s t i o c y t o m a s  were o b s e r v e d  i n  t h e  ' l i v e r s  b€ ham- 
~ s t e r s  ( T o t t i  and  S h i m i z u ,  1973) f o l l o w i n g  a l i f e t i m e  i n t a k e ' o f  
' 0.01% M M H  i n  d r i n k i n g  w a t e r ,  a d o s e  of a p p r o x i m a t e l y  16 mg/kg p e r  

day b a s e d  on an a v e r a g e  b o d y  w e i g h t  of 120+ g r a m s .  ' T h i s  s t u d y  h a s  
p r o d u c e d  a l v e o l a r / b r o n c h i o l a r  adenomas ,  ' h e p a t o c e l l u l a r  a d e n o w - s  
a n d  carcimomas, a n d  h&rnangiornas i n  female mice e x p o s e d  t o  'L 'ppm , '  

fo ,unr )  i n  t h e  female mice exposed t o  2 ppm a n d  I n  t h e  male ham- 
s t e r s  e x p o s e d  t o  S pprn ( 9 . 4  m g / m 3 )  M M F I .  T h e  n e o p l a s t i c  r e s p o n s e #  
i n  b o t h  mice and h a m s t e r s  i n h a l i n g  2 a n d  5 ppm M M H , , r e s p e c t i v e l y ,  
a n d  t h e  i n c i d e n c e  o f  h e p a t i c  tumors i .n  h a m s t e r s  . r e c e l i v i n g  15 
rng/kg M M H  per  d a y  i n ' t h e i r  d r i n k i n g  water, c l a s s i f i e s  hfhlH ' a s  a n  
i n t e r m e d i a t e  c a r c i n o g e n  a n d  J u s t i f  ips t h e  A 2  d e s i g n a t i o n  recorn- 
mended by A C G I H .  

' (3 .5  m g / m 3 )  o f  M M S I .  I n  a d d i t t o n ,  n a s a l  a d e n o m a t o u s  p o l y p s  were . *  

' 3 2  I. 
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CHRONIC INHALATION EXPOSURE OF EXPERIMENTAL ANIMALS TO 
YETHY LCY CLOH k AN E 

I 

4 )  I NTRODUCT I ON 

M e t h y l c y c l o h e x a n e  (MCH) i s . a  l i q u i d  h y d r o c a r b o n  u s e 2  as a 
s o l v e n t  f o r  c e l l u l o s e  e t h e r s  a n d  h a s  b e e n  u s e d  i i i  t h e  a i r c r s . f t  
f u e l  d e s i g n a t e d  JP -9 .  
e d  by T r e o n  e t  a l .  (11943). I S i x - h o u r  a c u t e  e x p o s u r e s  af r a b b i t s  
t o  i c h a l e d  c o n c e n t r a t i o n s  of MCH , a b o v e  10 , O . O O ~  ppm c a u s e d  c o n v u l -  
s i o n s ,  l i g h t  narcosis ,  ' l a b o r e d  b r e a t h i n g ,  s a ! i v a t i o n ,  a n d  con- 
j u n c t i v a l  c o n g e s t i o n .  B e t w e e n  5500' pprn and  7300 ppm, l e t h a r g y  
a n d  impaired coo'rdinafio'n weee t h e  o n l y  s ' i g n s .  Lbzarew (1929) 
reported that 7500 t o  10,000 ppm v a p o r  for 2 h o u r s  p r o d u c . e d  
narcosis i n  mice w h i l e  10,000 t o  12 ,000  ppm c a u s e d  d e a t h .  Lehrnan 
a n d  F i u r y  ( 1 9 4 3 ) ' i n d i c a t e d  t h a t  t h e  acu te  t o x i c . i t y  o f  MCH was 
g r e a t e r  t h a n  t h a t  of h e p t a n e ,  bu,t  less t h a n  , t h a t  of octane. .  
S i m i l a r  h i g h . 1 e 4 v e 1  n a r c o t i c  e f f e c t s  were r e p o r t e d  wnen d o e  were, 
exposed t o  e e p t a n e  v a p o r s  b e t w e e n  10,000 a n d " 1 5 , 0 0 0  ppm ( F u e h n e r ,  

' 1921) .  I n  a f l d i t i o n , ,  . P a t t y  a n d  Y a n t  ( 1 9 2 9 ) '  reported s l i g h t  ' d i z -  
z i n e s s  i n  man a f t e r  e x p , o s u r e  t o  1,000 ppm for 6 m i n u t e s .  C o n c e n -  

, t r a t i o n s  of 2090 t o  5000 ,ppm r e s u l t e d  i n  marked '  v e r t i g o , .  h i l a r -  
i t y ,  incoordination, a n d  n a u ' s e a  w h i c h  p e r s i s t e d  f o r  sev'eral h o u r s  I 

a f t e r  e x p o s u r e .  T h e  ' A m e r i c a n  C o n f e r e n c e  of G u v e r n m e n t a l  I n d u s -  
t r i a l  H y g i e r l i s t s  l o w e r e d  t h e  t h r e s h o l d  l i m i t  value (TLV) for MCH 
i n  1376 from 500 ppm t o  4 0 0 . p p r n  or 1600 mg/m3.  T h e  r ecommended  
s h o r t - t e r m , e x p o s u r e  l i m i ' t  (STEL,) is  500 ppm or 2 0 0 0  mg/m3 b a s e d  
on a n a l o g y '  t o v t h e  t o x i c i t y  o f  h e p t a n e ,  and t h e  TLV a n d  STEL V a l -  

u e s  are i d e n t i c a l  t o  t h e  TLV a n d  STEL o f  h e p t a n e .  

A c u t e  t o x i c i t ' y  s t u d i e s  of MCH were re;jort- 
, 

, 

, 

The u s e ' o f  a n a l o g y  w i t h  o t h e r  s o l v e n t s  for s e t t t ' n g  human 
e x p o s u r e  limits h a s  r e s u l t e d  i n  ser ious o c c u p a t i o n a l  d i sease  
o u t b r e a k s t i n  exposed w o r k e r s .  A TLV of 500 ppm h a d  been  s e t  for 
n - h e x a n e  b a s e d  s o l e l y  o n  acu te  t o x i c i t y  d a t a  i n  a n i m a l s  for o t h e r  
petroleum s c l v e n t s  s u c h  a s  p e n t a n e .  Repor ts  o f  p e r i p h e r a l  n e u r o -  
p a t h y  i n  w o r k e r s  e x p o s e d  t o  h e x a n e  r e s u l t e d  i n  t h e  l o w e r i n g  o f  
t h e 4 A m e r i c a n  C o n f e r e n c e  f L G c * - - r n m e n t a l  I n d u s t r i a l  H y g i e n i s t s  TLV 
t o  100 ppm i n  1974 a n d  to  50 ppm i n  1980. 

t ,  

, I  

S i n c e  m e t h y l c y c l o h e x a n e  is a h i g h l y  v o l a t i l e  l i q u i d ,  c h r o n i c  
exposure w o u l d  be e x p e c t e d  to  b e  f a i r l y  h i g h  v a p o r  ccincentra- 
t i o n s .  C o n s e q u e n t l y ,  t h e s e  s t u d i e s  were u n d e r t a k e n  t o  o b t a i n  t h e  
d a t a  n e e d e d  t o , a s s e s s  t h e  s a f e t y  m a r g i n  of c u r r e n t  e x p o s u r e  l i m -  
i t s  f o r  m e t h y l c y c l o h e x a n e .  T h e  d e s i g n  o f  t h e  s t u d y  a l s o  p r o v i d e d  
f o r  t h e  d e t e c t i o n  of o n c o g e n i c  n t e n t i a l  of m e t h y l L y c 2 o h e x a n e .  

! A n i m a l  e x p o s u r e  c o n c e n t r a t i o n s  o f  MCH f o r  t h i s  s t u d y  were s e l e c t -  
e d  on t h e  b a s i s  of t h e  c u r r e n t  TLV ( 4 0 0 , p p m )  a n d  t h e  maximum 

3 3  

I 

I 
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tolerated l e v e l  f o r  r e p e a t e d  e+r;;;osrres w h i c h  a p p e a r e d  t o  b e  2000 
PPm- 

I14TERIALS AND METHODS 

Test A g e n t  

T h e  m e t h y l c y c l o h e x a n e  u s e d  ' i n  t h i s  s t : i d y  was m a n u f a c t u r e d  
' 

a n d  o b t a ' i n e d  f r o m  E a s t m a n  O r g a n i c  C h e m i c a l  C o r p o r a t i o n " .  The  MCH 
s u p p l i e d  came i n  s t e e l  drums a n d  c o n s i s t s d  of 3 d i f f e r e n t  l o t s  

, d e s i g n a t e d  A 8 ,  A 9 ,  a n d  B 8 .  
. I  

P u r i t y  a n a l y s r ! ?  were c o n d u c t e d  o n  t h e  
"MCH i'n each 'drum'. T h e  ' r e s u l t s  a r k  t a b c l a t e d  below: I I ,  

Lot N o .  % . P u r i t y  , '  % N-Heptane  'b T o l u e n e  . .  
5 

A 8  98.57 , 0.86 0.56 
A9 981.50 0.97 0.52 

98.66 , 0 . 7 4  ~ 0.60 B8 . 
. . .  

Only two i m p u r i t i e s ,  n - h e p t a n e  a n d  t o l u e n e ,  were ' i d e n t i f i e d  
' a n d  t h e  r e l a . i v e  p u r i t y  of  t h e  MCH was c o n s i s t e n t  f r o m . d r u m  t o  

drum w i t h i n  l-ts, a n d  b e t w e e n  l o t s  u s e d  i n  t h e  s t u d y .  

8 ,  

Generation and ...aly sis .I 

T h e  g e n e r a t i o n  of d e s i r e d ,  c h a m S e r  c o n c e n t r a t i o n s  of MCH was 
a c c o m p l i s h e d  by m e t e r i n g  i i q u i d  MCH d i r e c t l y  i n t o  t h e  c h a m b e r  
i n l e t  a i r  s u p p l y .  stream w h e r e  v a p o r i z a t i o n  was a c o o m p l i s h e d  i n  
s u f f i c i e n t  a i r  v o l u m e  t o  p r e v e n t  f o r m a t i o n  of a n  e x p l o s i v e  vapor 
m i x t u r e .  

4 

A i r  s a m p l e s  w e r e ' c o n t i n u o u s l y  d r a w n  from . t h e  c h a m b e r s  d u r i n g  
a n i m a l  e x p o s u r e s  for a n a l y s i s  u s i n g  a t o t a l  h y d r o c a r b o n  'anal- 
y z e r .  E a c h .  p a i r  .of c h a m b e r s  w i t h  t h 6  same n o m i n a l  ' c o n c e n t r a t i o n  
was s a m p l ' e d '  a l t e r n a t e l y  on a ' 1 5  m i n u t e  c y c l e ' w i t h  a s i n g l e  
a n a l y  z,en. 

Anima 1s 

F f s c h e r  344 rate (CDF F344 J / C r l B R j  , G o l d e n  S y r i a n  hamsters 
(Lak:LVG ($ [  S Y R ]  ) ,  C 5 7 B L / 6 J  mice a n d  p u r e b r e d  b e a g l e  d o g s  were 
u s e d  i n  t h i s  s c u d y .  Rats were 10 w o e k s  of a g e ,  mice 8 w e e k s  of 
k g e ,  a n d  h a m s t e r s  12  w e e k s  of a g e  a t  the onset of t h e  s t u d y .  Tht: 

34 
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b e a g l e  d o g s  r a n g e d ' i n  a g e  beRween 8 a n d  13 m o n t h s .  Food was 
a v a i l a b l e  o n l y  d u r i n g  n o n e x p o s u r e  p e r i o d s  w h i l e  water was a v a i l -  
a b l e .  a d  l i b i t u m .  

Exposure dondi  t i o n s  

I T h e  a n i m a l s  were e x p o s ' e d  t o  hlCH by t h e  ' i n h a l a t i o n  r o u t e  

(1965) fo r  1 y e a r  u s i n g  a n  ' i n d u s t r i a l  work week s c h e d u l e  o f  6 ' 

h o u r s / d a y ,  5 d a y s / w e e k ,  w i t h  h o l i d a y s  a n d  w e e k e n d s  o f f  t o  s.imu- 
l a t e  a n  i n d u s t r i a l  exposure r e g i m e n  fov man.  , E a c h  e x p o s u r e  a n d  
c o n t r o l  group c o n s i s t e d  of 65 male a n d  65 f e m a l e  r a t s ,  200 .female 
nice ,  100 male h a m s d e r s ,  I a n d  8 d o g s  e q u a l l y  Q i v i d e t d  #by $ex .  I 3 , T h e  
a m b e r s  of r o d e n t s  u s e d  were s e l e c t e d  t o  p r o v i d e  a '  s t a t i s t i c a l l y  
va'1,id number  of e a c h  specics a f t e r  2 yezrs  o n  s t d d y  f o r  com- 
p a r i s o n  o f  e x p o s u r e  g r o u p  an.d c o n t r o l  i n c i d e n c e  of i h i s t o l o g i c  
c h a n g e s .  'Dogs were i n c l u d e d  i n '  t h e  s t u d y  t o  p r o v i d e  i n d i c e ' s  of 
n o n - t u m o r  e f f e c t s ,  m a i n l y  f r o m  a n a l y s e s  of b l o o d .  

The '  exposure p o r t i o n  of t h i s  s t u d y  c o n t i n u e d  f o r  1 y e ' a r  I 
' a f t e r  whic.h 20 mice, 10 r a t s  and110  h a m s t e r s  f r o m  eacH g r o u p  were 
n e c r o p s i e d ' t o  assess c h r o n i c  t o x i c i t y  e f f e c t s  i n  p r i m a r y  , t i s sues .  
The r e ' n a i n i n g  r o d e n t s  were h e l d  f o r  a n  a d d i t i o n a l  y e a r  a n d  t h e  
d o g s  for 5 y e a r s  o f  p o s t e x p o s u r e  o b s e r v a t i o n .  ' 

, . i n  dome s h a p e d ,  8 4 0  c u b i c  f o o t  c h a m b e r s  d e s c r i b e d  by Thomas 

. .  
EXPERIMENTAL R'ESULTS 

,Exposure Measurements I .' 

I 
3 

t 

I I The e x p o s u r e  c o n c e n t r a t i o n s  a c h i e v e d  d u r i n g  t h e  le-rnonih , 

e x p o . s u r e  p e r i o d  a r e  shown i n  T a b l e  ,8. E x p o s u r e  c h a m b k r  c o n c e n -  9 

t r a t i o n  control  was excel lent  a f t e r  t h e  f i r s t  f e w  w e e k s  a n d  i s  1 

means. 
' r e f lec ted  i n  t h e  r e l a t i v e l y  small s t a n d a r d  d e v i a t i o n s  of t h e  

I 

, '  

TABLE 8 .  METHYLCYCLOHEXANE CONCENTRATIONS 
ME'ASURED IN ANIMAL EXPOSURE CHAMBERS I 

Chamber- Chamber  Chamber 
1 '  2 3 

No, of S a m p l i n g  Days 2 4 3  243 2 4 3  
' N o m i n a ' l  Conc., ppm 400 400 ' 2000 

Mean M e a s u r e d  Conc. , ppm 4 0 1 . 5  398.9 20 09 
S t a c d a r d  Deviations, pprn 2 4 . 5  2 2.5  2 46.6 
C a n c e n t r a t i o n  R a n g e ,  ?pm 393-412  395-402  1 8 7 8 - 2 0 8 0  

I . .  
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G r o w t h  
4 '  

I '  

Male r a t s  e x p o s e d  t o  both l e v e l s  of MCH showed  d e p r e s s e d  
. ,  

i n c r e a s e  i n  w e i g h t  g a i n  a f t e r  r e m o v a l  from t h e  e x p o s u r e  c h a m b e r s , '  
t h e y  s t i l l  d i d  no t  a t t a i n  t h e  mean , w e i g h t  of t h e  u n e x p o s e d  c o n -  
t r o l  g r o u p .  T h e  female r a t  w e i g h t s  were u n a f f e c t e d  d u r i n g  expp- 
s u r e  a s  w e l l  a s  d u r i n g  t h e  p o s t e x p o s u r e  o b s e r v a t i o n  p e r i o d .  A 
d e f i n i t e  d e p r e s s i o n  i n  mean body w e i g h t s  w a s  s e e n  i n  t h e  e x a o s e d  
hamster g r o u p s  b u t  w a s  llot dose r e l a t e d ,  I m m e d i a t e l y  f o l l o w i n g '  
e x p o s u r e , ,  , b o t h  e x p o s e d  h a m s t e r  g r o u p s ,  g a i n e d  w e i g h t  a n d  b e c a m e  

' . g r o w t . h  t h r o u g h o u t  t h e  s t u d y .  A l t h o u g h  t h e  m a i e  r a t s  showed a n  

' I  

.' e q u i v a f c n t  t o  t h e  c o n t r o l  g r o u p .  , I  4 

, I  , I  . I  t 4 ,  I 

Clinical Lqboratory Measurements 

' Hematolog>- a n d  c l i n i c a l  chemis*c , ry  d e t e r m i n a t i o n s  were made 
o n  male a n d  female r a t s  s a c r i f ' i c e d  a f t e r  1 y e a r  o f  e x p o s u r e .  
A l t h o u g h  there  w e i e  n o  b i o l o g i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  be- 
t w e e n  MCY e x p c s a d  a n d  c o n t r o l  r a t s ,  a s i g n i f i c a n t  i n c r e a s e  i n  
c r e a t i n i n e ' a l o n g  w i t h  a n  i n c r e a s e  i n  BUN was s e e n  i n  t h e  rxle 
g r o u p  e x p o s e d  t o  400 ppm MCH b u t  yas n o t  e ' v i d e n t  i n  t h e  h i g h  
e l x p o s u r e  g r o u p .  Low WBC's were f o u n d  i n  a l l  e x p o s e d  g r o u p s ,  b o t h  ' 
male a n d  female. B e c a u s P  of h e m o l y s i s  i n  most s a m p l e s  of female 

I 2 ,  r a t  b l o o d ,  n o  c l i n i c e l  c h e m i s t r y  comparisons c o u l d  be made. , 

, .  
.J 

C l i n i c a l  ' d e t e r m i n a t i ' o n s  o n  dog! b'lood t a k e n  a t  b i w e e k l y  i D , - ,  1 .  

::i 
.I 

t h e  mean SGPT l e v e l '  of t h e  dogs e x p o s e d  t o  2000 ppm, w h i c h  w a s  

s e v e n t h  e x p o s u r e  week w h i l e  t . h e  o t h e r  a n i m a l s  of t h e  g r o u p  were - <  

a n d  43 weeks i i l ,  t h e  same d o g  f r o m  t h e  2000 ppm g r w p  as  w e l l  a s  ' I  * , 

p e r i o d .  .. 

t e r v a l s  g a v e  y a r i a b l e  b u t  non-MCH r e l a t e d  r e s u l t s .  T h e  o n l y  
p'araaeter a f fec ted  by MCH e x p o s u r e  was a t r a n s i e n t  i n c r e a s e  i n  

I ,  I: 
, c a u s e d  b y  a s i n g l e  d o g  . e x h i b i t i n g  a h i g h  SGPT l e v e l  d u r i h g  t h e ,  I 4 

I 

, . .  . . n o r m a l .  T h e  i n c r e a s e  i n  SGPT v a l u e s  o c c u r r e d  a g a i n  'betweer, 39 

* .  r4 , $ n  2 d o g s  from t h e  400 pprn g r o u p , .  S i g n i f i c a n t  d i f f e r e n c e s  i n  ' 
SGPT v a l u e s  of  dogs were n o t  . s e e n  d u r i n g  t h e  5 - y e a r  p o s t e x p o s u r e  ' 

I ? , +  

' .  . ,  
,Pnthology . , 

u1 I ' 
' A l l  of t h e  a n i m a l s  used i n  t h i s  s t u d y  were n e c r o p s i e d  a t  I -i 

d e a t h  w i t h  a b a t t e r y  o f  a p p r o x i m a t e l y  3 3  t i s s u e s  sampled from . ,  

.. I each a n i m a l  for h i s t o p a t h o l o g y  e x a m i n a t i o n  S f o l J o w i n g  t h e  p , ro tocol '  
' u s e d  by t h e  N a t i o n a l  C a n c e r  I n s t i t u t e  ' ( S o n t a g  e t  a l . ,  1976) .  

A t  t h e  e n d  of t h e  12 -month  i n t e r m i t t e n t  e x p o s u r e  t o  MCH 15 
t o  20% of t h e  a n i m a l s  of each s e x  a n d  species  were k i l l e d  f o r  

36 
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I ,  

f 

, 

I 
I 

- ,  
. I  

c 

L - 

h i s t o l o g i c  e x a m i n a t i o n  t o  d e t e r m i n e  immedia t e  e f f e c t s  of chronic 
i n h a l a t i o n  e x p o s u r e  t o  t h i s  a g e n t .  T h e  r e m a i n i n g  an ima ' l s  were 
h e l d  fo r '  a n  a d d i t i o n a l  y e a r  to '  de , te rmine  i f  d e l a y e d  e f f e c t s  of 
t h e  MCH e x p o s u r e  w o u l d  b e  s e e n .  

T h e r e  were no h i s t o l o g i c  i e s i o n s  seen i n  t h e ' a n i m a l s  ' k i l l e d  ' 

i m r n e d i s t e l y  f o l l o w i n g  t h e  12-month  e x p o s u r e  p e r i o d ' t h a t  c o u l d  b e  
a t t r i b u t e d  t o  MCH. T h e  i n c i d e n c e  of l e s i o n s  of a n y  t y p e  was l o w  
a n d  w a s  c o m p a r a b l e  among , e x p o s e d  a n d  c o n t r o l  a n i m a l s .  

' The , '  resul ts  o f  e x a m i n a t i o n  of ' t i s s u e  f r o m  t h e  a n i m a l s  t h a t  
driedt b u k i n g  t h e  p o s t e x p o s u r e  o b s e r v a t i o n ,  p e r i o d  o r  were k i l L e d ,  at 
t h e  s t q d y  t e r m i n a t i o n  are  l i s t e d  i n  T a b l e ' s  9 t h r o u g h  16. T h e  
t ab le , s  o f '  n o n - n e o q l a s t i c  l es ions  of t h e  4 s p e c i e s  h a v e  b e e n  a b -  
b r e v i a t e d  t o  e x c l u d e  l e s i o n s '  of v e r y  low i n c i d e n c e .  

c 

I 

Rats I 

I 

In male rfits, t h e  maj'or , t a r g e t  o r g a n  was t f i B  k i d n e y  where  
t w o t t y p e s  of T e s i o n s  were a s s o c i a t e d  w i t h  e x p o s u r e .  V i r t u a l l y  
a l l  of t h e  male rat s  h a d  l e s i o n s  c o n s i s t e n t  w i t h  p r o g r e s s i v e  
r e n a l , n e p h r o p a t h y ,  common i n  o lder  male r a t s .  In t h e  T a l e  r a t s  ' 

e x p o s e d  t o  t h e  h i g h e ' r  l e v e l ,  there  was a s t a t i s t i c a l l y ,  s i g n i -  
f i c a n t  i n c r e a s e  i n  t h e  0 c c u r r e n c . e  of m e d u l l a r y  m i n e r a l i z a t i o n  a n d  
e p i t h e l i a l  h y p e r p l a s i a  o f  t h e  r enan l  p a p i l l a .  HQwever ,  no i n -  
crease of t h e s e , l e s i o n s  o v e r  c o n t r o l s  was s e e n  i n  t h e  g r o u p  e x -  I 

p o s e d  t o  400 ppm. I n t e r s t i t i a l  c e l l  t u m o r s  of t h e  t es tes ,  s e e n  
a t  s t u d y  , t e r m i n a t i o n ,  a p p e a ' r e d  t o  be equally d i s t r i b u t e d  b e t w e e n  
t h e  t e s t  a n d  c o n t r o l  g r o u p s  a n d  n o t  r e l a t e d  t o  e x p o s u r e .  
r e l a t e d  l e s i o n s  were n o t e d  i n  thne e x p o s e d  female r a t s  when com- 
p a r e d  t o  t h e  c o n t r o l  g rou 'p .  , 

' 

No d o s e ,  

I 

8 ,  

Mice, EIamsters, and Dogs , , .  

NO s i g n i f i c a n t  l e s i o n s  we*re f o u n a  i n  f e m a l e ,  mice, maie ham- 

L e s i o n s  n o t e d  were t h o s e  commonly '  seen' ' i n  o l d e r  a n i m a l s  
sters; o r  b e a g l e  d o g s  when c o m p a r e d  , to  t h e i r  r e s p e c t i v e  c o n t r o l  

' g r o u p s .  
.Gf these g r o u p s .  

Neoplastic c h a n g e s  s e e n  i n  r a t s ,  mice, a n d  h a m s t e r s  were 
those e x p e c t e d  i n  ' a g % n g  a n i a a l s  of t h e s e  s p e c i e s .  
l e s i o n s  were f o u n d  i n  dogs. S t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a  
f a i ' l e d  t o  i , n d i c a t e  a n y  s i g n i f i c a n t  i n c r : ' d d e  i n  t u m o r  f o r m a t i o n  
i n  t h e  MCH exposed a n i m a l s  when compared, to  t h e i r  r e s p e c t i v e  
c o n t  ro 1s. 

N o  n e o p l a s t i c  
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TABLE 9. SELECTED NON-NEOPbASTIC LESIONS' SEEN I N  RATS HELD 

INHALATION EXPOSURE Tb METHYLCYCLOHEXANE 

Males 

FOR POSTEXPOSURE OBSERVATION AFTER 12-MONTH INTERMITTENT 

2000 ppm - .. . C o n t r o l s  400 ,  ppm 

, 
L d v e r  

I 

B i l e  Duct  H y p e r p l a s i a  I 32 /53  22/55 ' 19/52 
, Necrosis , 2 1 5 3  , 0155 1 /52  

, C i r c u l a t o r y  S y s t e m  , 

M y o c a r d i a l  F i b r o s i s  ' . ' l l j 5 3  ' 3 / 5 5  , ' 14 /52  
P u l m o n a r y  A r t e r y  

M i n e r a l i z a t i o n  6/53 ,3155 s 0 / 5 2  

I .  

I , I ,  

' K i d n e y  ' 

1 / 5 3  2 /55  I .  19/52b Medu 1 l a r y  M i n e r a l i z a t i o n  

P a p i  1 l a r y  Hy p e r p l a s  f a  1 / 5 3  1 /55  23/5,2b , 

T u b u l a r  D e g e n e r a t  i .on 1/53 0/55  2 / 5 2  

A t r o p h y  ' 4 / 5 3  2/55 1 /52  

A d e n o m a t o s i s  1 / 5 3  2 /55  0 / 5 2  

N e p h r o p a t h y  49 /53  52/55 5 2/5 2 

T e s t e s  

, Lungs 

0 

Females  
. *  I 

L i v e r  
Bile Duct' H y p e r p l a s i a  5 / 5 2  2 /50  3 /54  
Ne c r os i s 4 / 5 2  0/50 1 /54  

M y o c a r d i a l  F i b r o s i s  1/52  3 /51  4 / 5 3  

M i n e r a l i z a t i o n  , 6 / 5 2  2 /51  a 3/54  

C i  r cu 1 a tory S y s t e m  

P u l m o n a r y  A r t e r y  

; K i d n e y  
M e d u l l a r y  M i n e i a l i z a t i o n  4 / 5 2  0/51 , 1 / 5 4  

! I  N e p h r o p a t h y  I 15 /52  7/51 * 15 /54  
R e p r o d u c t i v e  

O v a r i a n  C y s t s  ' 6 / 5 0  2/5 1 3 / 5 2  
, , U t e r i n e  D i l a t a t i o n  ' 5 / 5 2  915 I ' 4 / 5 2  
Mammary Gland 

C y s t i c  H y p e r p l a s i a  '10/47 ' 17 /53  14/48 
L u n g s  

A d e n o m a t o s i s  2 / 5 2  0/5 1 1 / 5 4  ?, 

a Number o b s e r v e d / N u r n b e r  s . x a m i n e d .  
D i f f e r e n t  ' f r o m  c o n t r o l ,  p < 0.01. 
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TABLE io .  NEOPLASTIC L E S I O N S ~  SEEN I N  M A L E  RATS HELD F ~ R  

INHALATION EXPOSURE TO M E T H Y L C Y ~ L O H E X A N E  
POSTEXPOSURE OBSERVATION AFTER 12-MONTH INTERMITTENT 

I ' S k i n / S u b c u t a n e o u s  , 
Ke r a t oa ca li t h onla 

F i  b r o a d e n o r n a  
Osteosarcoma 
Basal C e l l  Tumor  
M,a.inmary G l a n d  F i b r o a d e n o m a  

, I  , F i b r o m a  

. ( I  ' MyxomS 
L u n g s  

. S ~ u a m o u s  C e l l  C a r c i n o m a  
Nasal 

S q u a m o u s  ' C e l l  C a r c i n o m a  
L i v e r  

M o n o n u c l e a r  C e l l  L e u k e m i a  
P i t u i t a r y  

Adenoma 
C a r c i n o m a  
Neoplasm 

Adenoma 
C a r  c i n oma 

R e n a l  C e l l  Adenoma 
R e n a l  'Cell C a r c i n o w  

Adenoma 
Ca F c  i noma 
P h e o c h r o m o c y t o m a  , 

L e  i orny oma 

- 

T h y r o i d  

K i d n e y  

Ad r e n a  1s 

, I  

S t o m a c h  -- 
P a n c  r eas  

I s le t  C e l l  Adenoma 
T e s t i s  

I n t e r s t i t i a l  C e l l  Tumor  
Z y m b a l s  G l a n d  

P r e p u t i a l ,  G l a n d  
S q u a m o u s  ' C e l l ,  C a r c i n o m a  

' A d e n o c a r c i n o m a  ' 
P a r a  t h y r  o i d 

Adenoma 
M u l t i p l e  O r g a n  

.Mes o t h e  1 1 oma 
M a l i g n a n t  Lymphoma 

B r o n c h i a l  Muzous G l a n d  
Adenoma 

H i s t i o c y t i c  L e u k e m i a  

0 /51 '  

0 /53  
1 /53  

, 0153 I 

0146 ' 

I 3 /53  

I 1 /53 , ,  

0154 ' 

1 /53  

0 /53  

1 7 / 5 1  
2 / 5 1  
1 /51  ., 

4 /52  
0152 

0 / 5 4  , I  

' 0 /54  

1 / 5 4  
0 /54  
3 /54  

0 /53  

1 / 5 3  

49 /54  

0154 
-- d 

r 0 / 54  

1 / 5 4 ,  

1 / 5 4  
1 /54  

0 / 5 4  
0 /54  

400 pprn 

1 /55  

1/55 
0/55 
1 / 5.5 
0147 
0155 

1 /55  

4/55 

8 .  

' I  

0 /55  , 

0 /55  

11/54 
1 /54  
0 /54  

5 /54  
1 /54 

1 /55  . 
1 / 5 5  
0 /55  

0 /54  

1 /54  
t '  

49/55  

0 /55  ' 

0155 

0 /55  

1 /55  
2/55 2 

. j 5 5  
' 3 /55  

2000 pprt 

3 /52  
0 / 5 2  
0 / 5 2  
0 / 5 2  
1 /52  
2 /52  

* *  0/524 

0 / 5 2  

0 / 5 2  

0 / 5 2  

16/48 1 ' 

~ 0 / 4a  
0 / 4 8  1 

5 / 5  1 
215 1 

1 / 5 2  
.0/52 

5 /52  
0 / 5  2 
2 / 5 2  

1/52 

I 1 / 5 1  

50 /52  

1/52'  1 

1/52 

, 1 /52  
0 /52  

0 / 5 2  
2 / 5 2  

a Number o b s e r v e d / N u m b e r  e x a m i n e d .  
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TABLE 11, NEOPLASTIC LESIOISSa S E E N  IN FEMALE RATS H E L D ' P O R  

. I  

POSTEX POSURE OBSERVATION AFTER 12- MC" TH I NTERMHI TTENT , 

INHALATTOH EXPOSURE TO METHYLCYCLOtbEXANE , . 

' C o n t r o l  400 r jpm 20010 ppm 
S k i n  - I 

K e  r a t  o a c a n  t homa 0.1 4 9 0/54 2/51 
F i  b r  o m  1 /52  0/5 1 3 /5  1 

1/52, 015 1 0151 
1 /52 I 3 / 5 1  , . 3 / 5 1  

T r i c h o e p i t h e l i o m a  
Fi b r o a d e n o m a  
Adenoma . .  1 / 5 2  0 / 5 1  ' ' 0 / 5 1  
Sarcoma, U c d i f f e r e n t i a t e d  0152 1 1 / 5 1  " 0151 

1 / 5 1  O/ 5'1 
Mammary G l a n d  F i b r o a d e n o m a  ' I Of47 

A l v e o l a r / B r o n c h i o l a r  C a r c i n o m a  . 0 / 5 2 '  1 /54  0/54 

S a r c o m a  . .  0152 1 /54  0 / 5 4  I I 

P i t u i t a r y  
Ad,e noma 
C a r c i n o m a  

Adenoma 1 / 5 2  1 /52  2 / 5 1  
C a r c i n o m a  , .  2 / 5 2  3/52 

Adenoma 0 / 3 1  1 /40  0 /35  

I 

I ,  6 ,  4/56' ' 8 /48  

Ost e osa r c om8 0152 0 / 5 4  1 / 5 4  

I * I Sarcoma, 4 /52  

Lungs 

11/50 16 /50  17 /54  8 ,  

a 5 / 5 4 .  
t 

I ' I  

I 3,/50 4/50  
1 4  

' T h y r o i d  

1/51 '  
3 P a r a t h y r o i d  

M e d i a s t i n a l  iyrnph Node 
C-Cell Carcinoma 0152 1 /54  0 /54  

' A d r e n a l s  
Ad e noma 0152 0 1 / 5 3  1 /54  

A d e n o c a r c i n o m a  1/5  1 0 /54  ' 0 / 5 0  

E n d o m e t r i a l  Stromal Polyp 7/52. 4 / 5 4  0/5  2 

I L e i o m y o s a r c o m a  I .0 /52  1 /54  .. . ? /52  

A a e  n o c  a r c i n oma 1 / 5 2  0/53 J.o/54 , 

' .  Pancreas t 

' Uterus 

A d e n o k a r c i n o m a  I 3 / 5 2  0!54 q /52  

A d e n o c a r c i r i o m a  1/45  0/53 0/5 1 
U r i n a r y  B l a d d e r  

B r a i n  . t  

C l i t o r a l  G l a n d  ' 

, A b d o m i n a l  C a v i t y  

s 

! 

A s t r o c y t o m a  Q / 5 2  1 / 5 4  0/53 , ,  

Adenoma ' 
I t  2 / 52  , ,. 0/54, 0/53  , I  

i 1 / 5 2  0 / 5 4  1 / 5 3  
Ad e noc 'a  r ci n oma '1/52 0/54  3/53 

H i s t i o c y t i c  L e u k e m i a  2 / 5 2  2 /54  . 5 /53  

I t  ' Lipoma 

M e s o t h e l i o m a  0 / 5 2  1 / 5 4  O j 5 3  
Myxosa rcoma  0/52 0154 1 /53  . 

M a l i g n a n t  Lymphoma 1 /52  U / 5 4  0 /53  

C i r c u l a t o r y  S y  s t ern 

, I  

a Number O b s e r v e d l N u m b e r  e x a m i n e d .  
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TABLB 12. SELECTED EON-NEOPLASTIC L E S I O N S ~  SEEN I N  FEMALE MICE 
HELD FOR YOSTEXPOSURE OBSERVATION AFTER 12-MONTH 'INTERMITTENT 

QNHALATION EXPOSURE TO METHYLCYCLOHEXANE 

C o n t r o l  400 ppm 20PO gpm 

L u n g s  
A l v e o l a r  C r y s t a l s  
A I  v e o l a r  M a c r o p h a g e s  
P e , r i v a s c u l a r ,  C u f f i n g  
Lymphoid Hype rp: as i a 

, .  

c I Sp leen  , , I 4  I 

I Hematopoiesis 

241 170 8/ 158 6/155 
311170 17/158 3/155 
201 170 ' 25/158 19/155 
20/170 23/158 251155 

I 

22/ 164 ' 341150 23/154 , 

L i v e r  
F a t t y  C h a n g e  I 361171 , 14; 159 161155 

_ r  He- t opo i es is 201 17 1 , 20J159 , 24/155 
I 

.- 

, 

I .  

I Duodenum 
M e s e n t e r y  S t r a n g u l a t i o n  191167 

K i d n e y  
H y d r o d e D h r o s i s  10/171 
P e r i v a s c u l a r  C u f f i n g  I 13j171 ' 

, 7/150 ' 10/151 

131159 , ' 71155 
14/159 8/155 ' I 

U t e r u s  I '  

' m i p l e  C y s t s  ' 101164 I 22/158 * 231152 
' E n d o m e t r i a l  D i l a t a t i o n  301164 1 .  . 38/158 I 29/152 I ,  

I .  

. I  I. 

, 
191 149 201155 24/135 

H e m o r r h a g i c  C y s t s  ' 1 1211'49 14/155 i 1 2,/ 1 3 5 

' I  l 1  Mammary G l a n d  
f C y s t i c  H y p e r p l a s i a  261145 10/ 118 ' 1 2 4 9  
G I  

I 
I 

T h y r o i d  G l a n d  I ,  

P a p i l l a r y  H y p e r p l a s i a  791164 , 39/151 44/145 
- 

I* 

I .  

a Number o b s e r v e d / N u m b e r  e x a m i n e d .  
, I  

t 
! '  

" t 
' I  Dlscurslon 

, 
T h e  o n l y  s i g n i f i c a n t  t o x i c  e f f e c t  o f  c h r o n L c  e x p o s u r e  t o  4 

i n h a l e d  m e t h y l c y c l o h o x a n e  f o u n d  was r e n a l  c h a n g e  i n  male r a t s .  
T h e  e x p o s u r e  related renal i n j u r y  w a s  n o t  s e e n  i n  female rats, 
f e r r i a l e  mice, male h a m s t e r s ,  or i n  e i t h e r  s e x  of beagle e ' .  Only 
male rats e x p o s e d  t o  2000 pprn MCH h a d  significantly greater i n -  

) c i d e n c e  of r e n a l  t u b u l a r  d i l a t i o n  a t  e x p o s u r e  t e r m i n a t i o n ,  a n d  
p r o g r e s s i o n  of r e n a l  p a t h o l o g y  t o  p a p i l l a r y  h y p e r p l a s i a  a n d  
m e d u l l a r y  m i n e r a l i z a t i o n  o c c u r r e d  only i n  the group exposed  t o  

41 
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TABLE 13. NEOPLASTIC L E S J O N S ~  S E E N  +N F E M A L E  MICE HELD FOR 
* POSTEXPOSURE'OBSEHVATION AFTER 12-MONTH INTERMITTENT 

I N H  ALAT I ON EXPOSURE TO MET H Y LCY CLOH EXAN E 

C o n t r o l  

Ski n / S u b c u t a n e o u s  
Keratoacanthoma 
Fibroma 

I 0/167 
11167 

I ,  

tung 
A l ' v e o l g r / B r o n c h i o l a r , ,  Adenoma 41 170 
A $  v e o  lg r/  $ranch 1Qjar' Care i npma, 31 179, 

Lymph Node 

Heart 

L i v e r  

Hemangiosarcoma 

Carcinoma I 

H e p a t o c e l l u l a r  Adenoma 
Hernangiosa,rco,ma 

Duodenum 
Pap i 1 1 o m  
P a p i l l a r y  Adenoma 

Neop 1 g s m  
te i o m y o s a  r c o m  

Adenoma 
T u b u l a r  Adenoma ' 

P i t u i t a r y  
Adenoma 
Ca r c i: n otna 
Adenocarcinoma 

Ad e noma 

Adenoma 
Folliculsr-Cell Adenoma 

Adenoma 

U t e r u s  

O v a r i e s  

Adrena l  

T h y r o i d  

Lacrimal G l a n d  

Bone 

C i r c u l a t o r y  Sys tern 

, -  

Osteosarcoma 

Ma,ligna n t Lymphoma 
Leukemia 

1/166 

11170 
! 

Ollil 
0/17'1 

1 / 16 7 
1 / 167 

11 164 
01164 

1/149 
1/149 

721142 
4/142 
5 /  142 

O/ 170 

01 164 
2/ 164 

Of'171 

U/ 162 

4 5 1  17'1 
, I  0/171 

a Nwhber o b s e r v e d / N u m b e r  e x a m i n e d .  

42 

400 ppm 

0/154 
01154 

61158 
, ,1/.158 

01 150 

O/ 158 

' 11152 
01152, 

O/ 150. 
1/150 

O/ 158 
. 1/158 

01155 
1/1$5 

40/'142 ' ' 

0/142 
0/142 

I ,  

o/ 158 

i/i5i 
1/151 

11 162 

1/ 159 

441162 
0/16:! 

2000 ppm . *  

i 11150 
01150 

0/155 
31155 

01 146 

01155 

0/152 
1/152 

01151 
0/15 1 I 

11152 
1/152 

0/135 
41135 

44/ 118 
i Oj118 
2/118 

1/149 

O/ 145 
1/145 

.0/155 

6/15]. 

56 1.1 55 

8 ,  

1115s 
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TABLE 14. SELECTED NON-NEOPLASTIC L E S I O N S ~  SEEN I N  MALE 
HAMSTqRS HELD FOR POSTEXPOSURE OBSERVATION AFTER 12-MONTH 

INTERMITTENT INHALATION EXPOSURE TO METHYLCYCLOHEXANE 

C o n t r o l  ,400 ppm I 2000 ppm 
I 

I 

K i d n e y  
C o r t i c a l  F i b r o s i s  4/75 12/76 . 10/81 
M i  n e  ra 1 i z a  t i o n  : 
" C o l l e c t i n g  T u b u l e s  26/75. 19/76 24/81 

, R e n a l  ~ P e l v , i s s  I ' ,10175 0176' 6/81 ' I  

C o n v o l u t e 9  T u b u l e s  , e  14/75 , 10/76 S/81, 

' C o n v o l u t e d  T u b u l e s  ' ' 17/75 , le176 .17/e1 ' 
Dilatat ion:  I 

T e s t i s  
A t r o p h y  '4176 3/76 2/81  
A s p e r m a t o g e n e s i s  * 3176 4/76 5/81 ' ' I  

I . .  

A d r e n s l  G l a n d  
C o r  t i c a 1 H y pe r p 1 a s i a 35/75 30176 29/80 

a N u r n b e r ' o b s e r v e d / N u m b e r  e x a m i n e d .  

, 
I 

t h e  h i g h e r  l e v e l .  
d u c e d  b y  o t h e r  p a r a f f i n i c , '  c y c l o p a r a f f i n i c ,  ,and a l k y l a r o m a t i c  
h y d r o c a r b o n s .  T h i s  s y n d r o m e  now r e f e r r e d  t o  as h y d r o c a r b o n  
n e p h r o p a t h y ,  i s  c h a r a c t e r i z e d  by 'an i n c r e a s e  i n  t h e  i r i p i d e n c e  o f  
h y a l i n  d r o p l e t s  a n d  of r e g e n e r a t i v e  t u b u l a r  e p i t h e l i a  i n  t h e  
c o r t e x .  ' I n  i ts  most s e v e r e  f o r m  t h e  t u b u l e s  a t  t h e  cor t ico-  I 

m e d u l l a r y  j u n c t , i o n  become d i l a t e d  a n d  f i l l e d  w i t h  p r o t e i n a c e o u s  
d e b r t s  w i t h  some n e c r o s i s .  

These f i n d i n g s  a r e  c o ' n s i s t e n t  w i t h  t h o s e  pro- 

The i n c i d e n c e  and s e v e r i t y  of the h y d r o c a r b o n  n e p h r o p a t h y  
s e e n  a f t e r  c h r o n i c  MCH l n h ' a l a t i o n  e x p o s u r e  w a s  much Leas 
t h a t  r e p o r t e d  f o r  g a s o l i n e  ( M a c F a r l a n d ,  1983), d e c a l i n  ( G a w o r s k i  

, e t  a l . ,  1 9 7 g b ) ,  a n d  f o r  P e t r o l e u m  a n d  S h a l e  d e r i v e d  J P - 5  * f ,Ue l s  
( G a a o r s k i  e t  al. , 1984) e v e n  t h o u g h  e x p o s u r e  l e v e l s  were g r e a t e r  
w i t h  MCH. M o r e o v e r ,  t h e s e  p r e v i o u s  s t u d i e s  h a d  n o t  shown  a n y  
l e v e l  of h y d r o c a r b o n  e x p o s u r e  t h a t  d i d  n o t  cause k i d n e y  y a t h 9 1 -  
ogy. I n  t h i s  s t u d y ,  400 ppm MCH h a d  n o  p a t h o 1 , g i c  e f f e c t s  on 
male r a t  k i d n e y  t h a t  c o u l d  be d i s t i n g u i s h e d  from c o n t r o l s .  

43 
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' TABLE 15. NEOPLASTIC LESIONSa SEEN I N  MALE HAMSTERS HELD FOP, 
POSTEX POSURE OB3 EFtXR'i'iOS AFTER 12-MONTH' INTERMITTENT INHALAT ION 

EXPOSURE, TO METHYLCYCT,OHEXAN E 

C o n t r o l  400 ppm 2000 ppm 
Ski n / S u b c u t a n e o u s  I 

I F i  brom 0/74 01'76 1l80 

T r a c h e a  
Adenoma 

, .  

' 0 / 7 2  0/75 2/79 

I S p l e e r  
H e m  n g i o s c  rcoma 0/71 , 1/75 I 1/78 

I ,  + # I  I ,  I 

Lymph Node 
Ne o p  1 a sm 

t $ 8  

,l/73 0174 0/78 
' .  I 

0174 0/77 1/80 
' L i v e r  

Car c i noma 

H e p a t o c e  1 l u  l a r  C a r c i n o m a  0 0 /74  1 j77 0180 
Hem n g i  osar c I oma 0/74 1/77 , 1/80. 

' I s l e t - C e l l '  C a r c i n o m a ,  Metastatic 0/74 1/77 3 0/80 , I , .  

A n g i o m a  0/74 , 1/77, 0/80 ' 

Pan C re a s  
Is le t -Ce 1 1 Ca rc i noma 

Duode  n unt 
U n d i f f e r e n t i a t e d  S a r c o m a  

Ki d n  e y s  
Rena 1-Ce 11 Ca rc i noms., 

A d r e n a l  G l a n d  
C a r c i n o m a  

A d e n o c a r c i n o m a  
P h e o c h r b m o c y  tom 

, I  

I Adenoma 

T h y r o i d  
C - C e l l  Adenoma I 

c-Cell C a r c . i n o m a  

P a r a t h y r o i d  ' 
Adenoma 

M u l t i p l e  O r g a n s  
Ca  rc  1 noma 

1/72 i/75 
I .  

0/63 , 

017 1 

017s 

2/75 
18/75 
1/75 

, ,  0 / 7 5  

0/71 
2/71 

0/76 

, 1/76 

3/76 
2 1 /?6 

' 0/76 
'' 1/76 

, 

0/67. 
116'1 

1/45 0143 , 

1/79 

0/8.1 

7/80 

0180 
0180 

1 z / s o  

1/71 
0/7 1' 

1/47 

0/76 0177 1/82 

.. Sarcoma 0176 0177 1'/8 2 
Ma 1 i gr P n t Ly rnp h o m  2/76 5/77  4 / 8 2  
Myel - d e n  od s L e u k e m i a  0176 1/77 0182 

a Number  obse rved!Number  e x a m i n e d .  

4 4  
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. TABLE 16. SELECTED NON-NEOPLASTIC LE$IONSa SEEN I N  BEAGLE DOGS 
1 .  

- 
HEI,D FOR POSTEXPOSURE OBSEHVATION AFTER 12-MONTH IN'TEKMITTENT * ' -  

I *  I INHALATION EXPOSURE TO M E T H Y L C Y C L O H E X A N E  , 
w 

' C o n t r o l '  (100 ppm 2000 pprn - 

T h y r o i d  
F o l l i c u l a r  H y p e r p l a s i a  2/8 C / 8  3/8 I I 

I n f l a m m a t i o n ,  C h r o n i c  2 /8 1 /8 1 /8 

, I 3/8  

i 
...- 

I 
* ' ,  t 

G a l l b l a d d e r  

I I ,  I ,  & I  

' 3/8 ,, 2 /8  M i c r o c y s t i c  D e g e n e r a t i o n  
I 

, S p l e e n  I 

S i d e r o t i c  Nodule 218 ' 1/8 4 / 8  I 

I . 
' ' a Number o b s e r v e d / N u m b e r  e x a m i n e d . .  

4 

Conclusions i 

U n d e r  t h e  c o n d i t i o n s  of t h i s  i n h a l a t i o n  s t u d y ,  e x p o s u r e  t o  t 

2000 ppm m e t h y l c y c l o h e x a n e  (8000 r n g / m 3 )  p r o d u c e d  n o  t u m o r s .  ' I 

S i m i l a r  e x p o s u r e  t o  i n h a l e d  J P - I O  (MacEwen a n d  Vernot ,  1983) was 
s h o w n  t o  R r o d u c e  severe h y d r o c a r b o n  n e p h r o p a t h y  a n d  r e n a l '  c a rc i -  
noma, i n  18% of t h e  male F i s c h e r  344  r a t s  h e l d  , l - y e a r  p o s t e x p o s u r e  
a f t e r  12 m o n t h s  i n h a l a t i o n  e x p o s u r e  t o  100 ppm JP-10 ( t r i c y c l o -  
decane). 

$ r e n a l  c a r c i n o m a s  ( K i t c h e n ,  1983) i n  F i s c h e r  3 4 4  r a t s ,  
I n h a l a t i o n  e x p o s u r e '  t o  2@d0 ppm g a s o l i n e  a l s b  p r o d u c e d  

T h e  r e s u l t s  of this s t u d y  i a d l c a t e  n o  i n c r e a s e  i n  t u m o r ,  
f o r m a t i o n  i n  e x p o s e d  a n i m a l s  when compared ' t o  t h e i r  u n t r e a t e d  
controls .  
spec i e s . 

I 

T h e  thrnors seen i n  a l l  g r o u p s  were t h o s e  common t o  t h e  

T h e  ' r e s u l t s  ,of t h i s  s ? u d y  s u p p o r t  t h e , , s e l e c t i o n  a n d  s a f e t y  
of t h e  c u r r e n t  TLV of 400  ppm for m e t h y l c y c l o h e x a n e .  

I f  

I 4 ,  
, I  

EVALUATXOR OF THE 90-DAY INHALATXOH TOXXCITY'OP PETROLEUM 
AND OIL SHALR DSESEL FUEL ,YAR1NE (DFY) 

I *  

A 9 0 - d a y  c o n t i n u o u s  i n h a l a t i o n  t o x i c i t y  s t u d y  of d i e s e l  f u e l  , 
m a r i n e  (DFM) vapor was c o n d u c t e d  by  t h e  T o x i c  Hazards Research 
U n i t  (THRU). Samples  of DFM d e r i v e d  from p e t r o l e u m  a s  well a s  
o i l  s h a l e  s o u r c e s  were tes ted t o  d e t e r m i n e  if t h e  t w o  f u e l s  p re-  
s e n t e d  d i f f e r e n t  h e a l t h  haza rds .  P e t r o l e u m  DFM h a s  b e e n  u s e d  by 

I 

I 

t 

4 5  



, ,  

t h e  U .  S .  Navy a s  t h e  f l e e t  s t a n d a r d  f u e l  
O i l  s h a l e  DFM was d e v e l o p e d  a s  a p o s s i b l e  

As p a r t  of t h e  o v e r a l l  e v a l u a t i o n  of 

' .  

f o r  a v a r i e t y  of s t l i p s .  
r e p l a c e m e n t  f u ~ 1 .  

t h e  o i l  s h a l e  f u e l s , ,  i t  
i s  d e s i r a b l e  t o  assess t h e  t o x i c i t y  a s soc iq t ed  w i t h  t y p i c a l  u s e  
e x p o s u r e .  ' Data of t h i s  t y p e  a l lows f o r  a , c o m p a r i s o n  o f  t h e  h a z -  
ards; o f  s h a l e  a n d  p e t r o l e u m  d e r i v e d  f u e l s  a n d  i s  v a l u a b l e  i n  
e s t a b l i s h i n g  g r o p e r  w o r k p l a c e  p r o c e d u r e s  a n d  c o n t r o l s .  S i n c e  ' 

' i n h a l a t i o n  w i l l  h e  t h e  p r i m a r y  r o u t e ' o f  e x p o s u r e  f o r  p e r s o n n e l  
w o r k i n g  w i t h  DFM, i n h a l a t i o n  e x p o s u r e s  were c o n d u c t e d  t o  compare 
t h e  e f f e c t s  a t  *>otent ia l  e x p o s u r e  l e v e l s .  A 9 0 - d a y  c o n t i n u o u s  
i n h a l a t i o n  e x p o s u r e  pe r iod  was c h o s e n  t o  s i m u l a t e  c o n d i t i o n s -  

' wher ' e "Nava1  p e r s o n n e l  m a y  be e x p o s e d  d u r i n g  a c r u i s e  s t i t u a t s i o n .  
W h i l e  this t y p e  of e x p o s u r e  i s  less t r a d i t i o n a l  t h a n  a 6 
h o u r / d a y ,  5 d a y / w e e k  r e g i m e n ,  i t  d o e s  c r ea t e  a maximum exposure 1 

s i t u a t i o n  a n d  i n c r e a ' s e s  t h e  p r o b a b i l i t y  of . o b s e r v i n g  e x , p o s u r e  
r e l a t e d  e f f e c t s .  

, 

DFM is' t y p i c a l l y  a ' m i x t u r e  o f  b r q n c h e d  a n d  c j rc l ic  h y d r o c a r - ,  
b o n s .  T h e  f u e l  c o n t a i n s  'a smalll 'am,ount of b e n z e n e  w h i c h  was 
c o n s i d e r e d  t o  b e  a c o n s , t i t u e n t  of major t o x i c o l . o g i c a 1  i n t e r P s t .  
T h e  repented e f f e c t s  of b e n z e n ?  e x p o s u r e  i n v o l v e  b l o o d  d i s o r d e r s  
w i t h  r e d u c t i o n s  i n  t h e  n u m b e r  of e r y t h r o c y t e s , ,  l e u k o c y t e s ,  and  
p l a t e l e t s  b e i n g  f o u n d  i n  humans  a f t e r '  l o n g - t e r m  e x p o s u r e  t o  b e n -  
z e n e  ' a t  h i g h  c p n c e q t r a t i o n s  ( G r e e n b e r g  e t  a l . ,  1939; H a r d y  a n d  
E l k i n s ;  1 9 4 8 ;  Aksoy e t  a l . ,  1972' ) .  

I ,  
. I  1 

A n u m b e r  of r e c e n t ,  i n v e s t i g a t i o n s  w i t h  h y d r o c a r b o n  f u e l s  , 
h a v e  s h o w n '  t h a t  e x p o s e 9  male F i s c h e r  3 4 4  ra ts '  o f t e n  d e v e l o p  
h y a l i n e  d r o p l e t s  a n d  n e c r o s i s  of t h e  p r o x i m a l  t u b u l a r  e p i t h e ' l i i u m  
( G a w o r s k i  e t  a l . ,  1985; MacNaughton  a n d  U d d i n ,  1 9 8 4 ;  P a r k e r  e t  

lesions i n  male r a t s  e x p o s e d  t o  u n l e a d e d  g a s o l i n e .  I n  a d d i t i o n ( ,  
r e n a l  n e o p l a s i a  d e v e l o p e d  i n  t h e  male r a t s  e x p o s e d  t o  u n l e a d e d  
g a s o l i n e .  

, a l . ,  1981). MEicFarland e t  ' a l . ' ( 1 9 5 4 )  f o u n d  s i m i l a r  k i d n e y  

&3THODS 

lesi Material 
, I  

5 f M  is  d e s c r i b e d  i n ,  m i l i t a r y  s p e c i f i c a t i o n  MZL-F-168k4G 
( 7 ' M a r c h  1973), from w h i c i  t h e  p r o p e r t i e s  s h o w n  i n  T a b l e  1 7  werr-1 

' se lec ted . '  
t h e  N a v a l  Medical Research I n s t i t u t e / T o x i c o l o g y  D e t a c h m e n t  

L .  (NMRI/TD) , i n  c 1 t - n  5 5 - g a l l o n  d r u m s ,  T h e  P e t r o l e u m  T)FM was o b -  
' t a i n e d  from s t o c k  s u p p l i e s .  T h e  S h a l e  DFM was . r e f i n e d  f r o m  , 

P a r a h o  c r u d e  o i l  by t h e  Soh io  r e f i n e r y  i n '  T o l e d o ,  O h i o ,  ~ n d  

P e t r o l e u m  ' a n d '  S h a l e  DFM .were s u p p l i e d  t o  t h e  TltHU by 

. .  

4 G  
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j - -  
d e s i g n a t e d .  b y  Sohio  a p  FIN-DFM. T h e  S h a l e  DFM was s h i p p e d  v i a  
r a i l  t a n k  ca r  t o  t h e  N a v a l  T o x i c o l o g y  D e t a c h m e n t  a t  W r i g h t -  
P a t t e r s o n  A i r  Force Base w h e r e  i t  wa,s t r a n s f e r r e d  t o  c l e a n  d r u m s .  

TABLE 17.' PHYSICAL CHEMICAL SPECIFICATIONS (MIL SPECS) 
, FOR DIESEL FUEL M A R I N E .  

Ap y e  a r a'n c e : 

D i s t i l l a t i o n  T e m p e r a t u r e  ( " C )  
' I  I n i t i a l e B o i l i n g  P o i n t :  , , 

90% R e c o v e r y :  
End P o i n t ,  Maximum T e m p e r a t u r e :  

S u l f u r ,  T o t a l  W e i g h t , ' ) %  Maximum: 

C l e a r  b r i g h t  and 
f r e e  from v i s i b l e  
par t  i c u l  a t e  matt e I' ' {  I 

1 .oo -A 
I F l a s h p o i n t ,  "C; Minimum: 6 '0 ;:j 

:;I 
ii I. 

' ,DPY Cenerat'loa and Monitoring ' 8 .  , I  

-'1 ' p o u r  P o i n t  "C; Maximum: -6 -7 
, V i s c o s i t y  a t  1 0 0 ° F , t K i n e m a t i c ,  C e n t i s t o k e s :  8 1.8-4.5 

, 

' T h e  p e t r o l e u m  a n d  o i l  shale  s t u d i e s  were bQth  c o n d u c t e d  i n  a 
, :i' 

' s ia i lar  m a n n e r .  
'was a d a p t e d  from p r e v i o u s  s t u d i e s  of h y d r o c a r b o n  f u e l s , .  I S i n c e  
DPM is a m u l t i c o m p o n e n t  . m a t e r i a l  w i t h  a w i d e  b o i l i n g  r a n g e , l i t  
w a s ,  n e c e s s a r y  t o  d e s l k n  a c l o s e l y  c o n t r o l l e d  g e n e r a t i o n  s y s t e m  t o  

a n .  o v e r ' h e a t  alarm w i t h  a f u e l  s h u t - o f f  c a p a b i l i t y  was . i n c o ' r p o , -  
r a t e d  i n t o  t h e  g e n e r a t i o n  a p p a r a t u s .  

T h e  bas ic  d e s i g n  for t h e  DFM g e n e r a t i o f i  s y s t e m  ? 
i 

I p r o d u c e  a w e l l  d e f i n e d  vapor .  T o  r e d u c e  p o t e n - t i a l  ; f i re '  h a z a r d ,  

i 

I 
T h r e e  s o l v e n t  evaporator towers w e r e  u s e d  t o  # g e n e r a t e  s u f -  

f i c i e n t  Petroleum DFM v a p o r  for t h e  a s s i g n e d  c h a m b e r  c o n c e n t r a -  
t i o n s .  

s- b e t w e e n  t h e  2 e x p o s u r e  c h a m b e r s .  T h e  o u t p u t  of t h e  t h i r d  tower 
w e n t  d i r e c t l y  i n t o  t h e  h i g h e r  c o n c e h t r a t i o n  chamber. O p e r a t i n g  
c o n d i t i o n s  of t h e  e v a p o r a t o r  towcirs were i d e n t i c a l l y  m a i n t a i n e d  
t o  a s s u r e  s i m i l a r i t y  i n  t h e  DPM v a p o r  c o n s t i t u e n t s l w i t h i n  $he 
chambers .  

Two of t h e  e v a p o r a t o r  tower o u t p u t s  were n i x e d  a n d  sq l i t  

1 ,  

A Beckman Model #400 h y d r o c a r b o n  a n a l y z e r  was u s e d  f o r  mass 
' a n a l y s i s .  Chamber  c o n c e n t r a t i o n s  w e r e  a n a l y z e d  using a single 

a n a l y z e r  by  d i l u t i o n  of t h e  h i g h e r  DFM c o n c e n t r a t i o n  chamber  
sample  t o  a s imi l a r  c o n c e n t r a t i o n  a s  t h e  l o w  c o n c e n t r a t i o n  u s i n g  
i n p u t  c h a m b e r  a i r  for  d i l u e n t  a n d  .%e t h e  s o u r c e  o f  baseline air. 

S i n c e  t h e  h y d r o c a r b o n  a n a l y z e r  r e s p o n s e  was d i r e c t l y  related, 
t o  t h e  t o t a l  c a r b o n  c o n t e n t  of t h e  sarngle, s t a n d a r d i z a t i o n  was 
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I .  

p o s s i b l e  u s i n g  D. r e l i a b l e  d e f i n e d  s y s t e m .  
of i n s t r u m e n t  g r a d e  propane ( 9 9 + , %  as  C3) d i l u t e d  i n  100 L m y l a r  
b a g s  s e r v e d ,  a s  s t a n d a r d s .  I n s t r u m e n t a l  r e s p o n s e  was d e t e r m i n e d  
t o  b e  l i nea r  a n d  s t ap le  for p r o l o n g e d  p e r i o d s  of time, p r 0 v i d e . d  
t h e  i n s s t r u m s n t a l  parameters were s t r i c t l y  m a i n t a i n e d .  ' T w e n t y -  
f o u r  h o u r l y  mean r e a d i n g s  were u s e d  f o r  d a i l y  c o n c e n t r a t i o n  
d e t e r m i n a t i o n s .  

V a r i o u s  c o n c e n t r a t i o n s  

Ir! t h e  P e t r o l e u m  DFM s t u d y  a V a r i a n  1 2 0 0  g a s  c h r o m a t o g r a p h  
( G C )  e q u i p p e e  w i t h  a PJD d e t e c t o r  a n d  a Spec t r a  P h y s i c s  Model  I 
c o m p u t i n g  i n t e g r a t m  w a s  u s e d  for q u a l i t y  control chec?. ;s  of, e a c h  
d r u m  of f u e l  pri'or t o  use,  for s p e n t  f u e l . ,  a n d  , f o r  g e n e r a t i o n  
s y s t e m  opera t ion  c h e c k s  a n d  .also c h ' a m b e r  , a t m o s p h e k e '  f i n g e r p r i n t  ' I  

a n a l y s i s .  
. I  

A R o y c o  225 p a r ' f i c l e  c o u n t e r  was u s e d  . o n  a d a i l y  b a s i s  t6 
m o n i t o r  a n y '  c o n d e n s a t e  aerosol f o r m e d  by  c o m p o n e n t s  9f t h e  DFM 
g e n e r a t e d  , i n t o  t h e '  c h a m b e r s .  I 

Animals  ' 

Young; a d u l t  , p u r e b r e d  beag le  dogs were s e l e c t e d  f r o m  a col- 
ony' m a i n t a i n e d  b y  t h e  A i r  F o r c e  a t  W r i g h t - P a t t e r s o n '  Air F o r c e  
Base. CDP [ F i s c h e r  344)JCr.lIBR rats'  (9-11 w e e k s  o l d )  were pur- 
c h a ' s e d  from Charles, R i v e r  , B r e e d i n g  Laborator ies  ( W i l m i n g t o n ,  , 
M a s s a c h u s e t t s ) .  C57BL;/6 mice (9-11 w e e k s  o l d )  were p u r c h a s e d  
f r o m " J a c k s o n  Laboratories (Bar Harbor, M a i n e ) .  T e s t  a n i m a l s  were 
g a n g - c a g e d  by  species i n  s t a i n l e s s  s t e e l ,  wvire-mesh c a g e s  d u r i n g  
e x p o s u r e .  , A n h a l s  h a d  Fccess t o  food ( P u r i n a ,  S t .  L o u i s ,  

' ,Missouri)  a n d  water a d  l i b i t u m .  A l l  c a g e  areas  were c l e a n e d  
i d a i l y  d u r i n g  w h i c h  t i m e  fcod r e m a i n i n g  i n  t h e  f e e d e r s  was d i s -  

c a r d e d  a n d  replaced ! w i t h  a fresh s u p p l y .  
I , I 

I ,  

I ,  

Exposure Conditions 

Groups  of 3 male a n d  3 female d o g s ,  150 male a n d  150 f e m a l e  
r a t s ,  a n d  130 ,female mice were e x p o s e d  v i a  i n h a l a t i o n  t o  50 rnk / rn3  

p e r i o d  o f , 9 0  d a y s .  E p p o s u r e s  were c o n d u c t e d  i n  25  m 3  i n h a l a t i o n  
c h a m b e r s  o n  p 2 4 - h o u r ' b a s i s  a n d  p e r s o n n e l  s e r v i c i n g  t h e  c h a m b e r s  
d u r i n g  t h e  e x p 0 s u r . e  vere p r o v i d e d  w i t h  r e s p i r a t o r y  p r o t e c t i o n - a n d  
disposable p r o t e c t i v e  c l o t h i n g .  Control, g r o u p s  were m a i n t a i n e d  
i n  Bioclean@ l a m i n a r  a i r  f l o w  rooms i n  a s e p a r a t e  f a e i l i t y .  The 

. a i r f l o w ,  p r e s s u r e ,  r e l a t i v c  n m i d i t y ,  a n d  t e m p e r a t u r e  of e a c h  
c h a m b e r  were m o n i t o r e d  a n d  r q c o r d e d  h o u r l y .  R e l a t i v e  h u m i d i t y  
was m a i n t a i n e d  a t  50% ,+ 10% a n d  t h e  t e m p e r a t u r e  a t  2 2 ° C  2 2 .  

' or 300 n;g/m3 P e t r o l e u m  or S h a l e  DFM v a p o r  c o n t i n u o u s l y  f o r , a "  

I 4 8  
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L x h 
+$i) Because of s p a c e  l i m i t a t i o n s ,  male mice were n o t  i n c l u d e d  i n  t h e  

e x p o s u r e .  

Upon t e r m i n a t i o n  of t h e  90 -day  e x p o s u r e  p e r i o d ,  a l l  of t h e  
d o g s  a n d  113 of t h e  r o d e n t s  from e a c h  g r o u p  were k i l l e d  f o r , d e -  
t e c t  ion of p a t h o l o g i c  l e s i o n s  c a u s e d  b y  e x p o s u r e .  
r o d e n t s  were h e l d  f o r  l o n g - t e r m  postexposure,observation. An 

f i n a l  s a c r i f i c e  d u r i n g  t h e  2 4 t h  m o n t h  of t h e  s t u d y .  

' 

, T h e .  r e n a i n i n g  

' i n t e r i m  s a c r i f i c e  was c o n d u c t e d  a t  19 m o n t h s  p o s t e x p g s u r e  w i t h  a 
' 

A l l  animals were c a r e f u l l y  o b s e r v e d  t h r o u g h o u t  t h e  e x p o s u r e  
a n d  p o s t e x p o s u r e  p e r i o d s  for  s i g n s  of ,al tered p h y s i c a l ,  c u n d i -  . ,  

, ,  t i o n .  Rats a n d  d o g s  were w e i g h e d  i n d i v i d u a l l y  a t  , b i w e e k l y ,  i n -  ' I ,  

t e r v a l s  d u r ' i n g  e x p o s u r e ,  a n d  ratstwere w e i g h e d ' r n o n t h l y  d u r i n g  t h e  
p o s t e x p o s u r e  period. , Mice were w e i g h e d  m o n t h l y  ' t h r o u g h o u t  the 
s t u d y ,  a n d  t h e  g r o u p  mean w e i g h t s  were m o n i t o r e d .  A l l  a n i m a l s  

I '  

' t h a t  d i e d  or were k i l l e d  were n e c r o p s i e d  a n d  a p p r o x i m a t e l y  38 
' t i s s u e s  were t a k e n . f o r  h i s t o p a t h o l o g i c  e x a m i n a t i o n .  Dog red , 

b l o o d  c e l l  osmotic , f r a g i l i t y  t e s t s  w e r e - c o n d u c t e d  a t  k x p o s u r e  
t e r m i n a t i o n ,  T h e  l i v e r ,  s p l e e n ,  a n d  k i d n e y s  of i n d i v i d u a l  dogs 
a n d  r a t s  were w e i g h e d  a t  e x p o , s u r e  t q r m i n a t i o n ' a n d  19 m o n t h s ' p o s t -  
e x p o s u r e . '  At t h e '  c o n c l u s i o n  o f  t h e  S h a l e  DFM s t u d y  k i d n e y  t i s s u e  
f r o m  three male r a t s  i n  each g r o u p  was f i x e d  b y  v a s c u l a r  per- 

w i t h  0.1 M c a c o d y l a t e  a t  pH 7 .4 .  
p a r e d  f o r  T r a n s m i s s i o n  E l e c t r o n  M i c r o s c o p i c  e x a m i n a t i o n :  B1,ood , ' 

I s a m p l e s  were d r a w n  .from f a s t e d  dogs b i w e e k l y  s n d ' . f r o m , f a s t e d  r a t s  
a t  e x p o s u r e  t e r m i n a t i o n  a n d  i n t e r i m  n e c r o p s y  fo r  h e m a t o l o g y  a n d  
c l i n i c a l  c h e m i s t r y  tests: hematocrit (HCT).,  h e m o g l o b A n ,  (HGB), I I 

r e d  b l o o d  c e l l  (RBC)  c p u n t ,  w h i t e  blood c e l l  (WBC) c o u n t ,  
d i f f e r e n t i a l s ,  ' a l b u m i n ,  a l k a l i n e  phosphatase ,  b i l i r u b i n ,  blood  
u r e a  n i t r o g e n  ( B U N ) ,  c a l c i u m ,  c r e a t i n i n e ,  g l u c o s e ,  p o t a s s i u n ,  
g l u t a m i c - o x a l o a c e t i c  t r a n s a m i n a s e  (SGOT):  g l u t a m i c - p y r u v i c  

' 
4 

, f u s i , o n  w i t h  2.5%. g l u t a r a l d e i h y d e  a n d  2% p a r , a f o r r a l d e h y d e  b u f f e r e d  ' . 

' T h i n  s e c t i o n s  we,re t h e n  p r e -  

1 t r a n s a m i n a s e  (SGPT) , s o d i u m ,  a n d  t o t a l  p r o t e i n .  
, )  

. .  

Data Analys is  

. ,  Body w e i g h t s ,  'b lood,  test '  ' r e s u l t s ,  a n d  o r g a n '  . w e i g h t s ,  were, 
, I  

a n a l y z e d  by an i n d e p e n d e n t  t - t e s t ,  a n d  a F i s h e r  exact t e s t  w a s .  
u s e d  t o  a n a l y z e  t h e  i n c i d e n c e  o f  h i s t o p a t h o l o g i c  l e 8 i o n . s  (Zar ,  
197 4 ) .  

- 

i 

49 

53 

':3 . _ '  



RESULTS 

E x p o s u r e  c o n c e n t r 3 t i o n s  p r e s e n t e d  t o  t h e  a n i m a l s  were w e l l  
c o n t r o l l e d  t h r o u g h o u t  b o t h  s t u d i e s  w i t h  h o u r l y  mean v a l u e s  w i t h i n  
10% o f  t h e  t a r g e t  v a l u e s .  t 

A n a l y s i s  f o r  c o n d e n s a t e  a e roso l  i n  t h e  e x p o s u r e  c h a m b e r s  
i n d i c a t e d  n e g l i g i b l e  a e r o s o l  f o r m a t i o n  i n  e i t h e r  t h e  P e t r o l e u m  o r  
S h a l e  DkM s t u d y .  

, 
, I  

Dogs 
I ,  ' 

Dogs e x p o s e d  to  e i t h e r  P e t ' r o l e u m  o r  S h a l e  DFM' were g e n e r a l l y  ' " 

~ 

h e a v i e r  t h a n ,  u n e x p o s e d  c d n t r o l s .  
I body w e i g h t s  were w e l l  w i t h i n  n o r m a l  1 i r n i t s . a n d  t h e  a p p a r e n t  

e f f e c t ,  w a s  c o n s i d e r e d  , i r ; c i d e n t a l .  No m o r t a l f t ' i e s  o c c u r r e d  i n  
,dogs*  e x p o s e d  t o  DFM. 

Despi te  t h ' i s  w e i g h t  d i f f e r e n c e ,  

. I  ' 

I 0 .  , '  
, ,  ' E x a m i ' n a t i o n  of t h e  RBC osmotic f r a g i l i t y  of d o g s  e x p o s e d  t o  

* - -  
* .  
'. , 

P e t r o l e u m  DFM for 90 d a y s  i n d i c a t e d  a n o n - d o s e  r e l a t e d  i n c r e l a s e .  

days were n o t  d i f f , e r e n t  from c o n t y o l s .  T h e  t r e n d  toward i n -  * .  

c r e a s e d  RBC f r a g i l i t y  i n  d o g s  e x p o s e d  ' t o , P e t r o l e u m  DFM was n o t  I . -  
accompanied by  a n y  a b n o r m a l  c h a n g e s  i n  o ther  e r y t h r o c y t e  pararn-  
e ters  t h a t  were p e r i o d i c a l l y  m e a s u r e d ' , t h r o u g h o u t  t h e  e x p o s u r e .  

' 
, .  

.- : O s m o t i c  f r a g i l i t y  c u r v e s  f o r  dogs  e x p s s e d  t o  S h a l e  DFM f o r  90 

.* < 
F+ 

, ' r.3 * -  
1 ,  :,? , <- j 

?. J 

*.-4 ..:e I 

, L A  
,*--.> 
-: J 

.'*:i C,? 

T h e  ' o n l y  serum c h e m i s t r y  p a r a m e t e r  t h a t  d e m o n s t r a t e d  a n y  
- ' c o n s i s . t e n t  t r e n d  o c c u r r e d  i n  d o g s  e x p o s e d  t o  S h a l e 1  DPM, w h e r e  a 

s l ' i g h t  b u t  s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e  i n  BUN was s e e n  
( T a b l e  18).' F*;J 

T h e  e l e v a t , e d  BUN i n  d o g s  e x p o s e d  t o  t h e  S h a l e  DFM 

. I  

was c l e a r l y  n o t  .dose re la ted,  h o w e v e r .  

I .  , 
' I  

?.-d 

$2 
' TABLE .18.. EFFECT OF DFM EXPOSURE ON DOG SERUMe BUN LEVELS ( I U , l L ) a  

. ,  ' #  

...'< I 
Petroleum DPM Concent- :ion' _ I m g / m 3 )  Shale D W  Concentration' ( m p ; / m 3 )  

, ..* , . I  50 300 0 --- 5u 300 Time (vk) 0 

0 14.3 2 1.4 15.7 f 1 . C  , 10.1 f 1.5 
$ 2  12.5 f 1.0 19.5 f 2.0' 16.6 r 1.2c 

4 13.6 f 1.0 '14.0 f 1.2 14.4 f 1.0 
6 14.3 f 1.1 14.9 fi 1.6 15.6 f 0.8 
8 14.2 ?: 0.8 15.6 2 1 . 8  13.9 -+ 0.4 

10 13.2 f 1.1 16.3 f 1.6b 1,6.6 f l.Oc , 
12 14.3 2 1.0 15.6 f 2.8 15.6 f 1-3 

17.7 r 2.0 14:2 l , O b  
11.8 f 0.6. 13.7 f 0.8 
10.5 f 1.4 18,.9 f 1.9' 
12.0 f 0.6 17.5'f 2.0' 
12.2 f 0.6 16.5 f 0.9' 
15.7 f: 1.0 19.1 fi 2.0 
13.3 :: 0.4 20.3 f 2 . 5 =  

a Wean f SE, N = 3 or 6 samples/~group.  
b Different from control, p c 0.05. 

Different from control, p < 0.01. 

1 ,  

50 

. , I  

' 8  15.9 f. 0.6 1 . ,  .; . 
.. I 

14..8 f 1.3 

17.6 f l.Oc 
17.5 f 1.1' 

16.8 f !.I" ?' f 

','..I 

17.9 r 1.8' . '  

:'A 

-? 1 

20.6 f 3.0' ' * ' . * .  
* . .  , .  

. *  

. .  

. .  . .  
c .  
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C y t o p l a s m i c  v a c u o l i z a t i o n  o f  h e p a t o c y t e s  o c c u r r e d  w i t h  
s l i g h t l y  i n c r e a s e d  f r e q u e n c y  i n  d o g s  e x p Q s e d  t o  P e t r o l e u m  DFM ' 

( c o n t r o l  - 2 o f  6 ;  50 mg/m3 - 4 of 6 ,  300 mg/m3 - 5 of 6 ) 0 .  T h i s  
l e s i o n  was i n t e r p r e t e d  as a n  a c c u m u l a t i o n  ' b y  h e p a t o c y t e s  o f  e x -  
c e s s i v e  g l y c o g e n ' .  A l l  o t h e - -  r e m a i n i n g  l es ior i s  n o t e d  i n  t h e  d o g s  
e x p o s e d  t o  P e t r o l e u m  DFhi were cons idered  i n c i d e n t a l  f i n d i n g s ,  un- 
re la ted t o  e x p o s u r e .  No s i g n i f i c a n t ,  e x p o s u r e  o r  d o s e  re la ted  
l e s i o n s  were o b s e r v e d  i n  dogs e x p o s e d  t o  S h a l e  DFM,. 

I 
. .  

' : ,  / < '  ,/I Mice 
I 

I , ,  , I ,  I I ,  

T h e  mean s u r v i v a l  t i m e  o f  mice e x p o s e d  t o  S h a l e ' D F M  w a s  l e s s  . ' 

I' 
t h a n  t h e  c o n t r o l  g r o u p .  The  d e a t h  r a t e l i n  mice e x p o s e d  t o  DFM 

e .  r e s u l t e d  from n e c r o t i c  dermat'itis. No s i g n i f i c a n t  d i f f e r e n , c e s  
i n c r e a s e d  a f t e r  9 t o  10 m o n t h s  o n  s t u d y .  Most of t h e ' d e a t h s  

. I  

were n o t e d  i n  mice e x p o s e d  t o  p e t r o l e u m  DYM when c o m p a r e d  t o  
' t h e i r  c o n t r q l  g r o u p .  I h  t h i s  s t u d y  t h e  f r e q u e n c y  of1 d e r m a t i t i s  

* was lles's., 
I 

No body w e i g h t  e f fec ts  were s e e n  i n  m i c e , e x p o s e d  t o  e i t h e r  

P u l m o n a r y  i n f l a m m a t o r y  c h a n g e s  c o n s i s t i n g  g r e d o m i ' n a n t l y  of 

P e t r o l e u m  or Shale ,DFM. 
I 

1 8 I 

m i l d  p e r i b r o n c h i o l a r  a n d  p e i i v a s c u l a r  m o n o n u c l e a r  i n f  i ' l t ra tes  
were o b s e ' r v e d  i h  t h e  m a j o r i t y  of t h e  itlice e x a m i q e d  a t  c o m p l e t i o n  

P e t r o l e u m  DFM d i d  n o t  show these i n f l a m m a t o r y  c h a n g e s  i n ,  t h e  
r e s p i r a t o r y  t r a c t .  L i v e r  i n f l a m m a t o r y  c h a n g e s  c o n ' s i s t i n g ,  o f  
m u l t i f o c a l  a c c u m u l a t i o n s  o f  c h r o n i c ' i n f l a m m a t o r y  ce l l s  were n o t e d  

, i n  a l l  g r o u p s .  These l e s i o n s  we,re m i l d ,  i n v a r i a b l y  s m a ' l l ,  
i n v o l v i n g  o n l y  .a f e w  h e p a t o c y t e s  a n d  n o t  s e e n  w i t h  o ther  

I '  ' I m a n i f e s t a t i o n s  of l i v e r  disease. E e p a t o c e l l u l a r  v a c u o l i z a t i o n /  
f a t t y  c h a n g e  w a s  n o t e d  more f r e q u e n t l y  i n  mice e x p o s e d  t o  S h a l e  ' 

DPM when coqared  t o  t h e i r  c o n t r o l  g r o u p . ,  T h e  d i s t r i b u t i o n  of 
t h e  v a c u o l i z a t i o n  w a s  c e n t r i l o b c l a r - i n  co-' .trols, b u t  p a n l o b u l a r  ' 

i n  Sha le  DFM e x p o s e d  mice. The  s e v e r - i t y  , o f  t h e  c h a n g e  'was a lso 
c o n s i d e r e d  t o  be g r e 4 t e r  i n  t h e ' e x p o s e d  mice. Mice e x p o s e d  t o  
P e t r o l e u m  DFM d i d  n o t  e x h i b i t ,  a n y  i n c r e a l s e  i n  l i v e r  ' c e l l  v a c u o l i -  , . 

z a t i o n  or f a t t y  c h a n g e .  , 

t ,  

. . of t h e  9 0 - d a y  e x p o s u r e ,  t o  Shele  DFM' ( T a b l e  '19). Mice, e x p o s e d ,  t o ,  I 
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1 TABLE 19. HISTOPATHOLOGIC LESIONSa I N  MICE AT TERMINATION OF 
go-DAY CONTINUOUS INHALATION EXPOSURE TO DFM 

I 

Petroleum DFM Concentration ( m g / m 3 )  S h a l e  DFW Concentration ( r n K : / m A  
300 0 50 300 0 5 0 -  3 

I 

In f 1 amma tory 
Changes 5 f 46(  1 1 )  9 / 4 3 (  2,1) 0 / 4 2 ( 0 )  1 2 / 4 9 ( 2 4 )  34/49(69)cb 38/48(79Yb ' 

I 

Liver 

Inflammation 1 2 / 4 5 ( 2 7 )  15/43(35) 25/12(60)b 1 4 / 5 1 ( 2 7 )  2 3 / 4 9 ( 4 7 ) b  9/48(  1 9 )  

I. , I  - 

' I ,4'acuolizatlon/, I ,  

' Fatty Change 1 2 / 4 5 ( 2 7 )  1 / 4 3 ( 2 ) b  4 / 4 2 ( l O )  1 8 / 5 1 ( 3 5 )  4 6 / 4 9 ( 9 4 ) b  4 ' l / 48 (85)b  I 

Number observed/Number'examined (%). I 

Different from control, p < 0.01. I 

'The v a s t  m a j o r i t y  of t h e  p a t h o l o g i c  l e s i o n s  v b s e r v e d  i n  mice 
h e l d  for, t h e i t p o s t e x p o s u r e  per iod  were, common c h a n g e s  a t t r i b u t a b l e  
t o  a g i n g  processes. Most of t h e s e  l e s i o n s  were e q u a l l y  d i s t r i -  
b u t e d  among t h e ' e x p o s e d  a n d  n o n - e x p o s e d  g r o u p s  i n  bo th  s t u d i e s .  
T a b l e  20 p r e s e n t s  a J i s t  o f  t h e  major c h a n g e s  n o t e d  i n  mice. 
Many of t , h e  comnon a g i n g  c h a n g e s  as w e l l  a s  . l e s i o n s  o c c u r r i n g  
w i t h  l o w  i n c i d e n c e  a re  n o t  s h o w n .  There w a s  a n  i n c r e a ' s e d  i n c i -  

' d e n c t !  of a c u t e  a n d  c h r o n i c  i n f l a m m a t i o n  o f  t h e  s k i n  i n  mice e x -  
p o s e d  t o  DFM. These were g e n e r a l l y  r e g a r d e d  as cornmpn c h a n g e s  
w h i c h ' i n  some cases were a c q u i r e d  by  f i g h t i n g  among cagemates, 
a l t h o u g h  t h e  p a t h o g e n e s i s  i n  most i n s t a n c e s  was u n c l e a r .  Sec0n.d-  
a r y  c h a n g e s  re la ted  t o  t he .de r rna t i t i s  were b o n e  m a r r o w  h y p e r -  
p l a s i a  a n d  s p l e n i c  hematopoiesis. 

t a l  d e p o s i t i o n  a re  f r e q u e n t l y  o b , s e r v e d  i n  C37BL/6  mice u s e d  i n  
t h i s  l a b o r a t o r y ,  a n d  t h e  c a u s e s  of both  a re  p o o r l y  u n d e r s t o o d .  
I n  some i n s t a n c e s  these e n t i t i e s  o b s e r v e d  i n  mice e x p o s e d  t o  
S h a l e  DFM appeared t o  be ' r e , l a t e d ,  i n  t h a t  c r y s t a l s  'were o b s e r v e d  

, a r i s i n g  frarn h y a l i c i z e d  r e s p i r a t o r y  e p i t h e l i u m .  N o  s i g n i f i c a n t  I 

l v lng  tumors were n o t e d  i n  ei :-,ler r t u d y .  

L i v e r  ,cel l  v a c u o l i z a t i o n  a n d  f a t t y  c h a n g e ,  w h i c h  had  , been  
increased i n ' . r n i c e  a t  t e r m i n a t i ' o n , o f  e x p o s u r e  t o  Sha le  DFM, w a s  
f o u n d  w i f h  e q u a 1 , f r e q u e n c y  i n  c o n t r o l s  a n d  e z p a s e d  g r o u p s  exam- 
i n e d  p o s t e x p o s u r e .  L i v e r  i n f l a m m a t i o n  w a s : i n c r e a s u d  a t  e x p o s u r e  

0 t e r m i n a t i o n  i n  mice e , x p o s e d  t o  P e t r o l e u m  DFX. T h i s  was not diag- 
nosed  i n  mice h e l d  f o r  p o s t e x p o s u r e  o b s e r v a t i o n .  T h e  d i s t r i b u -  
t i o n  of l i v e r  ' i n f , l a m m a t i o n ' i n  mice from t h e  S h a l e  DFM s t u . d y  

was n o  s i g n i f i c a n t  i-ncrease i n  1 i v . Z  tumors i n  m i c e  e x p o s e d  to 
DPM. 

H y a l i n e  d e g e n e r a t i o n  of the r e s p i r a t o r y  e p i t h e l i u m  a n d  c r y s -  

. 1, 

, 
, I  

c l e a r l y  d e m o n s t r a t e s j t h a t  bFM w a s  n f . t  t h e  c a u s a t i v e  a g e n t .  T h e r e  , - a  

I 



TABLE 2 0 .  HISTOPATHOLOGIC LESIONS~ IN MICE HELD 
FOR POSTEXPOSURE OBSERVATIOK AFTER *90-DAY 
CONTINUOUS INHALATIGid EXPOSURE TO D'FM 

Petroleum DFW Concentratton Cmg/m3y Shale DFY ConcentratLon ( n s / m 3 )  
Tlssue 0 5 0  300 0 '  5 0  300 

, I  
ZLtn 
In I lamma t ton 1S/87( 17,) 20/88(23) ' 24/91(26) 30/96(31) 41/97('42) 45/99(45) 
- 

8 .Bone Yarrow 
Sy perplas t p  
F t bros t s 

ReSplrhtOry I 

Nose - 
. 1 4  

Hya 1 1  ne degeneration 
Crystals 

Crystals, 
Lung - 
Alveolar adenoma 
Alveolar carclnolu 

Liver 
VhCUOltZhtiOfl/ , 
Patty change 3/93( 3 )  ?/91(2) 

. Adenoma 4/93(4) 6/91 ( 7 )  
Carcinoma , 1/93( 1)  3/91 ( 3 )  
Inflammatton 0/93(0) ' 0/91(0) 

I 

, Urtnar~ 
Kidney - 
Hyaltne degeneratlon 3/92(3) 1/91( 1 )  

17)90( 19) 30/86(35)b 3 1 / Y 2 ( 3 4 ) b  
1/90(1) 0486(0) 1/92(1) 

I ,  

23/96(26) 17/97( 18) 1 3 / Y B (  13)  
25/96(26) 19/97( 19) 1 1  /Ye( 11); 

19/98( 19) 11/94( 12) 3/98(3)' 
5/98(5) 1/94(1) 4/98(4) ' 

1/98( 1) 1/94( 1)  1/9B( 1) 
' .  

14/97( 14) 12/98( 12) '16/Y7( 16) 
1/97(1.) 2/98(2) 0/97(0) 
0/97(0) 0/98(0) 0/97(0) 

41/91(45) 17/98( 17)c 19/9,7(20)' 

Spleen 
Hema topoies 1s ' 17/91(19) 28/89(31) 24/92(26) 24/95(25) 34/94(36) 38/96(40) 

' Endocrine , I  

Pttuttary - adenoma 43/71(61). 38/77(49) 41/78(53) 25/81(31) 28/77(36) 14/76(18) 
Thvroid - ~ 

I I  
Papillary hyperpla?.is , 40/82( 49) * 38/84( 45) 40/82( 49) 62/94(66) 51/92( 55) ,48/96( 50) 

I Adenoma 9/82( 11) 7/84( 8 )  4/82(51 5/94(5) 2/92(2) 4/92(4) 

Lymphoreticular 
Yaltgnant lymphoma 37/93(40) 26/91( 29) 29/94(31) 2,9/98( 30) 29/99(29) 22/99( 22) 

C .  

a Number observed/Number examined ( % )  . 
b.Different from control, p < 0.05. , .  

, c  Dtfferent from control,, p < 0.01. 

~i 
! 

. ' .  No evidence of substantial kidney toxicity'was observed. 
Ren'al tubular cell' hyaline degeneration was not a significant 
,finding. Endocrine system tumors and malignant lymphomas were 
common in all g r o u p s ,  with no relationship to DFM exposure.' . ,  -- I ,  I 

/ 
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I )  E x p o s u r e  t o  P e t r o l e u m  or S h a l e  DFM d i d  n o t  s i g n i f i c a n t l y  
a l t e r  s u r v i v a l  time when compared t o  r e s p e c t i v e  c o n t r o l s .  A l l  . ,  

g r o u p s  f r o m  e i t h e r  s t u d y  h a d  mean s u r v i v a l  t i m e s  o f  a p p r o x i m a t e l y  
2 2  m o n t h s .  , 

E x p o s x r e  t o  P e t r o l e u m ,  DFM r e s u l t e d  i'n a dose re la ted  de- 
crease i n  w e i g n t  g a i n .  T h i s  e f f e c t  o c c , u r r e d  d u r i n g , t h e  e x p o s u r e '  
p h a s e  a n d i w a s  ' p r e s e n t  t h r o u g h o u t  m o s t  of t h e  p o s t ' e x p o s u r e  obser- 
v a t i o n  per iod .#  
r a t  g r o w t h  i n . a  similar m a n n e r ,  w i t h  s i g n i f i c a n t  (p  < O i O 1 )  d i f -  
f e r e n c e s  b e t w e e n  t h i s  g r o u p  a n d  t h e  c o n t r o l  g r o u p  e v i d e n t  d u r i n g  
t h e  e n t i r a  s t u d y .  E x p o s u r e  t o  50 mg/m3 Shale  DFM r e s u l t e d  i n  ' 
o n l y  t r a a s i e n t  w e i g h t  d i f f e r e n c e s  f r q m  t h e  ' c o n t r o l  g roup .  

Shale DFU e x p o s u r e  a t  300' mg/m3 deoressed male 

' F e m a l e  r a t s  e x p o s e d  t o  Pe t ro leum DFM d e m o n s t r a t e d  r e d u c e d  I ,  ' 

b o d y  w e i g h t  g a i n  t h a t '  became more p r o n o u n c e d  d u r i n g  t h e  pos t -  

E x p c s u r e  t o  S h a l e  bFM d i d ' n o t  a f f e c t  female r a t  b g d y  w e i g h t  g a i n . . ,  
e x p o s . L r e  p e r i o d .  'The  e f f e c t  w a s ' n o t  dose r e l a t ed ,  h o w e v e r .  $ ,  

' 

k u t e . a n d  ch ron ic  i n f l a m m a t o r y  processes were s e e n  i n  t h e  
n a s a l  mucosa '  if  male a n d  female r a t s  e x p o s e d  t o  P e t r o l e , u m  DFM f o r  
90 d a y s  ( T e b l e , 2 1 ) , .  Lympho id  h y p e r p l a s i a  o f  t h e  b r o n c h i a l  
s u b m u c o s a  o c c u r r e d  i n  a l l  g r o u p s  i n  t h e  p e t r o l e u m  s t u d y .  T h e  

' i n c i d e n c e  was s l i g h t l y  i n c r e a s e d  i n  e x p o s e d  f e m a l e  r a t s  compared 
t o  c o n t r o l s .  N o  s i g n i f i c a n t  l e s i o n s  were n o t e d  i n  t h e  r e s p i r a -  
t o r y  t r a c t  of ra t s  e x p o s e d  t o  S h a l e  DFM. 

I 

A t  e x p o s u r e  t e r m i n a t i o n  t h e  most s t r i k i n g  l e s i o n s  seen' i n  
r a t s  e x p o s e d  t o  DFM, o c c u r r e d  i n  t h , e  k i d n e y s  o f  males ( T a b l e  a i ) .  
R e n a l  t u b u l a r  h y a l i n e  d e g e n e r a t i o n  was o b s e r v e d  i n  m o s t  of t h e  I 

male r a t s  e x p o s e d  t o  e i t h e r  P e t r o i e u m  or S h a l e  DFM for 90 d a y s . '  
I *  

Necrosis of t h e  r e n a l  t u b u l a r  e p i t h e l i a l  c e l l s  was e v i d e n t  i n  
m u l t i f o c a l  r e g i o n s  o f  t h e  o u t e r  a n d  . m i d d l e  co r t ex  i n  v i r t u a l l y  
a l l  of t h e  male ra t s  e x p o s e d  t o  3 0 P  m g / m 3  DFM, a n d  i t  w a s  con-  
s i d e r e d  t o  be 'an i r r eve r s ib l e  c o n s e q u e n c e  of t h e  h y a l i n e , d e g e a -  
e r a t i v e  process. Necrosis w a s  n o t  a d i s t i n c t i v g  f e a t u r e  of the. 
k i d n e y s  o f  male rats'  e x p o s e d  t o  50 mg/rn3 DFM.  
t h e  n e c r o s i s  of t h e  t u b u l a r  e p i t h e l i u m  w a s  t b e + p r e s e n c e  of m u l -  
t i p l e ,  m a r k e d l y  d i l a t e d  r e n a l  t u b u l e s .  a t  t h e  c o r t i c o m e d u l l a r y  
j u n c t i o n .  These d i l a t e d  t u b u l e s  were l i n e d  by  a t t e n u . a t e d  s q u a -  
mous e p i t h e l i a l  c e l l s ' ,  a n d  were a l w a y s  impacted  w i t h  e o s i n o p h i l i c  
material a n d  d e t r i t u s  of n e c r o t i c  t u b u l a r  - e g m e n t s , o ; ?  affected 
t u S u l a , r  n e p h r o n s .  . C h r o n i c  i n f l a m m a t i o n  L~ t h e  r e n a l  c o r t i c a l  
i n t e r s t i t i a l  t i s s u e  was o b s e r v e d  w i t h  i n c r e a s e d  f r e q u e n c y  i n  t h c i  
male r a t s  e x p o s e d  t o  S h a l e  DFM a t  300 mg/m3 'and  was o f t e n  as- 
soc ia ted  w i t h  d e g e n e r a t i v e  t u b u l a r  l e s i o n s .  T h i s  i n f l a m m a t o r y  

S I  

$ 1  Associated w i t h  

' 

- -  
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TABLE 21. HISTOPATHOLOGIC L E S I O N S ~  I N  ,RATS OBSERVED AT 
TERMINATION OF 90-DAY CONTINUOUS ZNHALATION EXPOSURE TO DFM 

a Ncnber ohservcd/Nunber eraminea (1). 
Dtffercnt front control, p C 0 .05 . ,  , 
Different from control, p 0.01. 

process was, c h a r a c t e r i z e d  by fatal ix rndlti?ocaP a g g r e g a t i o n s  of 
l y m p h o c y t e s ,  p l a s m a  'cells ,  m a c r o p h h g e s ,  a n d  o c c a s i o n a l l y  a.ccotnpa- 
n i e d  by t h e  e a r l y  d e p o s i t i o n  of f i b r o c s  c o n n e c t i v e  t i s s u e .  

T r a n s m i s s i o n  e lectron m i c r o s c o p i c  , c x a m l n a t l o n  of t h e  kidney , 

I '  ,f male rats i n  t h e  S h a i e  DUM study r e v e a l e d  c y t o t o x i c  a l t e r a - -  
t i o n s  i n  , t h e  p,roxi,nal t u b u l a r  c e l l s  a t i a c h . % d  to the basal l a m i n a .  
The most s t r i k i n g  f e a t u r e  sds t h e  p r e a s z o e  af l a r g e  nimbe'rs of 
v a r i a b l y  s i z e d ,  a n g u l a t e d , ,  membrane-hour'!, o s r n o y h l l i c  g r i n i i l e s  i r 7  
the c y t o p l a s m .  They were <obs: : rved a t  a l l  l e v e l s  i n  t h e  c e l l .  I n  
soxe i n s t a n c e s  the g r a n u l e s  a p p e a r e d  as d a r k  crystalline i r i c i u - .  
s i o n s  s u r r o u n d e d  by l e s s  d e n s e  g r a n u l a r  r r % t r l x  in s t ruc ' tu ,T-es  
t h o u g h t  t o  b e  lysosowes. O t h e r s  showed  a s l i g h t  g r a d a t i o n  of 

form l a r g e r  ones. M i c r o v i l l i  w e m  a b s e n t  on the l u m i n a l  surfnccs?; 

a ,  .. 

! 

. .  ,el :  : . tron d e n s i t i e s  s u g g e s t i n g  c o a l e s c e n c e  t;.? smllsr granules to 

I of' some d e g e n e r a t i n g  c e l l s  w h i l e  o thers  d e m o n s t r a t e d  club-like 
! swelling of m i c r o v i l l a r  tips. I 

' I  

L 
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F r o n i n e n t '  l a r g e  v a c u o l e s  a n d l o r  s p a c e s  were p re sen t  extend- , 

i n g  f r o m  $ h e  l u m i n a l  t,o t h e  b a s i l a r  sur faces  of t h e  t u b u l a r  e p i -  
t h e l i a l  ce l l s .  Many of these were i n t e r p r e t e d  a s  w i d e n e d  lateral 
i n t e r c e l l u l a r  space b e t w e e n  a d j a c e n t  c e l l s .  O c c a s i o m n a l l y  i n  
l y t i c  ce l l s ,  s e q u e s t e r e d  c r y s t a l  a n d  s u b c e l l u l a r  o r g a n e l l e s  were 
p r e s e n t  i n  v a c u o l e s  a n d  were undergoing'degeneraLion. S e v e r a l  
t u b u l e s  had v o i d e d  r v g i o n s  w h e r e  e p i t h e l i a l  c e l l s  h a d ' b e e r !  ex- 

n e c r o t i c  d e b r i s  p r e s e n t  i n  t h e  associated t u b u l a r  l u m i n a  w a s '  
t h o u g h t .  t o  b e  d e r i v e d  in p a r t  from s u c h  d e s q u a m a t e d  c e l l s .  

f o 2 , i a t e d  ' e x p o s i c g  t h e  u n d p r l y i n g .  p e r i t u b u l a r  b a s a l  l amina .  T h e  I .  

. .  I' . .  
Lesions o b s e r v e d  i n s s t h e  ou*her m e . d u l l a ,  c o u l d  best  be ads-: , ,  

s c r i b e d  as m e d u l l a r y  t u b u l a r  c y s t s .  A t  l e a s t  some were' o c c u r r i n g  
a t  t ' h e  ' l e v e l '  of t h e  d e s c e n d i n g  loop 'of  H e n l e  ( j u n c t i o n  of o u t e r  
a n d  i n n e r  strip,e of ' o u t e r  m e d u l l i ' ) .  , The t u b u l a r  e p i t h e l i a l  c e l l s  
1 inlng the c y s t s  w e r e ' u l t r a ~ t r u ~ t u r a l l y  c o m p a t i b l e  w i t h  those o f '  
t h e  p r o x i r k l  d e s c e n d i n g  limb w i t b  10.a c u b o i d a l  e p i t h e l i u m ,  hb- 
sence of a brush borde r ,  f e y  m i c r , o v i l l i ,  . s p a r s i t y  of c y t o p l a s m i c  
o r g a n e l l e s ,  a n d  p r o m i n e n t  l a t e r a l  i n t e r d i g i t a t i n g  membranes .  I 

A l t h o u g h  a n  o c c a s i o n a l  t u b u l a r  e p i t h e l i a l  c e l l  l i n i n g  t he  d i l a t e d  
t u b u l e s  showed some d e g e n e r a t i o n ,  m o s t  a p p e a r e d  as n o r m a l , ,  v i c r b l e  
c e l l s .  T > e  c e l l s  r e m a i n e d  f i r m l y  a t t a c h ' e d  t o  t h e  b a s e m e n t  Fern- 
b r s n e ;  t h e y  o f t e n  h a d  ' m a r k e d l y  a t t e n u a . ? e d  c y t o p l a s m ,  b u t  usually 8 

t h e  p lasma2emma 8.13 c y t o p l a s m i c  c r g a n e l l e s  a . p p e a r e d  , e s s e n t i a l l y  1 

n o r m a l .  
I 

I n  s h a r p  c o n t r a s t  t o  t h . e  a f o r e m e n t i c n e d  t u b u l a r  cells l i n i n g  
t h e  m e d u L l a r y  c y s t s ;  t h e  l u m i n a  of t h e  c y s t s  were f i l l e d  w i t h  
ce1l:ilar d e t r i t u s  c o n s i s t i n g  6f p r o m i a e n t  swollen d e g e n e r a t i n g  
m i t o c h o n d r i a  w i t h  f l o c c u l e n t  d e n s i t i e s  a n d ' l i p i d  d r o p l e t s ,  lyso- 
somes, m i c r o b o d i e s ,  v e s i c l e s ,  g r a n u l e s ,  a n d  f r a g m e n t q d  m e m b r a n e s .  

, 

R e s u l t s  o f  microscopic e x a m i n a t i o n  of t h e  t i s s u e s  c o l l e c t e d  
f r w  male r a t s  m a i n t a i n e d  f o r  p o s t e x p o s - u r e  s ' b s e r v a t i o n  'are s h o w n  
i n  T a b l e  22. T h e  1is.t bas b e e n  a b b r e v i a t e d  by e x c l u d i n g , t h e  
l e s i o n s  t h a t  o c c u r r e d . w i t h  l o w  f r e q u e n c y  8 7 d  were c o n s i d e r e d  
' i n c i d e n t a l  t o  e x p o s u r e .  
r e la ted  e f f ec t  w a s  a g a i n  d e m n s t r a t e d ' i n  t h e  k i d t l e y s  of msle 
r a t s .  V i r t u a l l y  a.11' of t h e  male r a t s ,  c o n t r o l s  i n c l u d e d ,  d e v e l -  
ope6 l e s i o n s  cha rac t e r i s t i c  cf c h r o n i c  progressive renal n e y b r o -  
p a t h p  { C P N ) .  These c h a n g e s  were c o n s i s t e n t  w i t h  n o r m a l  a g i n g  
l e s i o n s ;  h o w e v e r ,  CPN was j u d g e d  t o  be more severe i n  t h e  male  
r a t s  e x p o s e d  t o  300 m g / 1 7 . ~  DFM when cokared  t o  t h e l o t h e r  g r o u p s  
i n  cach r e s p e c t i v e  s t u d y .  T h e  m o s t  s t r i k i n g  d i f f - p r e n c r ?  be,twecn 
CFM e x p o s e d  iiits a n d  u n e x p o s e d  c o n t r o l s  was t h e  - e r e lopmen t  of 
t u b u l a r  m i n e r a l i z a t i o n  sand e p i t h e l i a l  h y p e r p l a s i a .  . ,  F u r t h & r ! i i o f e ,  
a c l ea r  dose resporrse r e l a t i o n s h , i p  was d e m o n s t r a t e d .  V i r t u n l i y  

"he c lea res t  i n d i c a t i o n  of,  an. exposllre 

*. 
. .  
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p l l  of t h e  qale r a t s  e x p o s e d  t o  300 mg/m3 h a d  m F n e r a l i z e d , d e p o s -  
i t s  i n  t h e  r e n a l  p a p i l l a .  

T h e  i n c i d e n c e  of t h i s  l e s i o n  i n  male , ra ts  e x p o s e d  t o  50 
mg/m3 S h a l e  DFM was a b o u t  SO%, w h i l e  t h e  i n c i d e n c e  of mineral iza-  

' t i o n  i n  male ra t s  e x p o s e d  t o  50 mg/m3 P e t r o l e u m  DFU Y L S  ,less t h a n  
t h e  b a c k g r o u n d  l e v e l  i n  t k e  c o n t r o l  g r o u p .  Associated w i t h  t h e '  
m i n e r a l i z a t i o n  was t h e  ' p r e s , e ' n c e  o f  p a p i l l a r y  e p i t h e l i a l  h y p e r -  

, p l a s i a .  
'was a lso  d e m o n s t r a t e d .  T h e  m i n e r a l i z e d  'deposits were t h o u g h t  to  
be calcium i m p r e g n a t e d  d e b r i s  s h e d  f ' rom t h e  t u b u l e  d u r i n g  ' expo-  
s u r e .  T h e  d e v e l o p m e n t  ,of h y p e r p l a s i a  was , c o n s i d q r e d  , t o  be , , , ' , , , 

r e l a t e d  t o  t h e  m e c h a n i c a l  i r r i t a t i o n  of t h e  m i n e r a l i z e d  d e b r i s .  
Two . b e n i g n  k i d n e y  tqmors were s e e n  i n  t h e  s t u d i e s .  One  d e v e l o p e d  
i n  a m a l e  r.at e x p o s e d  t o  50 mg/m3 P e t r o l e m  DFM, w h i l e  t h e  o t h e r  
w a s  o b s e r v e d  i n  a male ra t  e x p o s e d  to 300 m g / m 3  S h a l e ' D F k i .  
k i d n , e y  tumors. w e r e , s e e n  i n  c o n t r o l  male r a t s .  

s y s t e m s  of m a l e  ra ts  ( T a b l e  2 2 ) .  I n  g e n e r a l ,  t h e  f r e q u e n c i e s  of 
o c c u r r e n c e  were, e q u a l l y  d i s t r i b u t e d  among t h e  e.xposed a n d  c o n t r o l  

, n o t e d  were c o n s i s t e n t  w i t h  c h a n g e s  n o r m a l l y  s e e n  i n  a g e d  ra ts .  

. ,. . - 

As , w i t h  t h e  m i n e r a l t z a t i o n ,  a dose r e s p o n s e  r e l a t i o n s h i , p  

, 
' 

' 

No 

Tumors  a n d  t i s s u e  c h a n g e s  o c c u r r e d  i n  s e v e r a l  o t h e r  o r g a n  

' g r o u p s  for the r e s p e c t i v e  s t u d i e s .  F u r t h e r m o r e ,  t h e  l e s i o n s  

t 

L e s i o n s  i d e n t i f i e d  i n  f e m a l e  rats m a i n t a i n e d  f o r  p o s t e x p o -  
s u r e  o b s e r v a t , i o n  are shown i n  Table 23. F e m a l e  r a t s  from a l l  
g r o u p s ,  i n c l u d i n g  c o n t r o l s ,  d e v e i o p e d  r e n a l  l e s i o n s  c o n s i s t e n - t  
w i t h  CPN. ' T h e r e  w a s  n o  i n d i c a t i o n  o f  ' a n  e x p o s u r e  re la tkd  i n -  
c r e a s e ' i n  s e v e r i t y  a s  was s e e n  w i t h  male r a t s .  F e m a l e . r a t s  i n  
t h e  S h a l e  DFY , s t u d y  d e m o n s t r a t e d  m i n e r a l i z a t i o n  of t h e  r e n a l  
p a p i l l a .  

' .  

The s e v e r i t y  of t h i s  l e s i o n , w a s  c h a r a c t e r i z e d  as  m i l d ,  w l t h  
no i n d i c a t i o n  of a d o s e  related i n c r e a s e  i n  f r e q u e n c y  of o c c u r -  I 

r a n c e .  , P a p i l l a y y  h y p e r p l a s i a  slgs n o t  B s i g n i f i c a n t  f l n d l n n g  i n  
female rats f r o m  e i the r  s t u d y .  No k i d n c y  tumors d e v e l o p e d  i n  

. fema ' .e  rc:J e x p o s e d  t o  e i t h e r  P e t r o l e u m  or S h a l e  DFM,, w h i l e  one 
k i d n e y  tumor w a s  f o u n d  i n  a f e m a l e  c o n t r o l  r a t  i n  t h e  P e t r o l e u m  
DFM s t u d y .  O t h e r  l e s i o n s  n o t e d  i n  female r a t s  exposed t o  DFM 
were c o n s i d e r e d  to be n o r m a l  a g i n g  p r o c e s s e s .  N o  o t h e r  o r g a n  
s y s t e m s  i n  f e m a l e  r a t s  d e v e l o p e d  s i g n 6  of s i g n i f i c a c t  DFU r e l a t e d  
t i s s u e  c h a n g e s .  
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TABLE 22. HISTOPATHOLOGIC LESIONS& I N  MALE RATS HELD FOR 
I POSTEXPOSURE OBSERVATION AFTER 9 0 - D A Y  CONTINUOUS 

1 ,  
,INHALATION EXPOSURE TO DFM 

Petroleum DPtd Shale DFU 
Concentration (mglnl )  Concentration (rnp/r>)  

T I  ague 0 50 300 0 5 0  300 

gland - 
H y p c r ~ l a s i a / d l l ~ t ~ t l o n  ' ' R/36( 17) 1/35(3)  0 /35 (0 )b  12/42(29) 7/44(  16)  16/45(36) 
P i  broadenom 

Cardlovascu Ia r 
Myocatdlal fibrosis/ 

1/36(3) , 0 /35(0 )  0 / 3 5 ( 0 )  . 0 /42(0 )  3/44( 7 1 4 /45(9 )  
I i 

, , , Pulmnsry ,degencratloa artery , t 32/5$(64) ,I. 23/49(47, ,, 3 2 i s m w )  46/4$(94) 40/48(83) 7 ,  45f51(88) b .  < I  I 

ri ner8 1 iirt ioa ' .s/mio) , e/50( 12) e / s o ( i s )  26/49<531 16/48(33) 22/51(43) 

I. 

Respirator2 I' 

4 /50(8)  2/48(4)  4/49(8)  12/50(24) 16/47(34) 17/49(35) , , Nose - lnfl-tion 
* Lung - , 8 .  

lnflanrrtlon ' 23/50(46) '23/50(461 20/50(40) 3/50(6) . 2i/49(43)b 14/50(28)b 

Alveolar c a r c i n a  1/50(2) 0 / 5 0 ( 0 )  1/50(2) 0/59(0)  0 /49(0 )  1/50(3)  

Liver . .  
Focal cell change ' 28/50(  56) ' 20/50( 40) 30/ '50(  60) , 30/49( BO) ' 3 0 / 5 0 (  BO) 2 5 / 5 0 (  50') 
B i l e  duct ‘hyperplasia 44/49(90)  44/50(88)  46/50(92) 49/49(100) 46/50(92), 46/$0(92)  
CStcinQI. " , d/SO(O) 1/50(2)  2/50(4)  1/4@(2) ' 1/50(.2) 0 / 5 0 ( 0 )  , 

Aden- ' 2/50(4)  1 / 5 0 (  2) 0 /50 :0 )  3/49(6)  0/50(0)  0 / 5 0 ( 0 )  

A1 veola r adenocl. 1 / 5 0 ( 2 )  2/50(4)  1/50(2)  ' 0 / 5 0 ( 0 1  ' 0 / 4 9 ( 0 )  I 1 /50(2 )  

- 

, Urinary 
Kidney - 

N e  ph ropa thy 
b p i  1 l ? r y  h y p u r p l ~ a l a  
Mlner8liratloa 
Aden- 

Rcprodustlvc L Endocrine 
Fituitary - 
Aden- 
Carct n- 

thyroid - 
?olllcular cel l  t u o r r  
C cell tumors 
Hyperpi.. ia 

Hy perpl A S  1. 
Parathyroid - , 

. $. Adenor 
* testes - 

, Interstitial hell t u o r  
Prostate - 

Iar 1.- t iw 
Hyperplasia 

l oca l  cell change 
koplaatlc nodule 
L h e o c h r o a c y t a  

'Adrm.1 - 
I ,  

' Lfmphore t icular 
Lonopuclerr 
cell leukern18 

SO/SO( loo) 

a / ~ o ( o )  

7/50(14) 
5 / 5 0 (  10) 

49/50( 98)  
15/50(30)b 
42/50( 84) 

0 / 5 0 6 0 )  

3 /50(8 )  4/50(8)  7/50(14j  

Nunber obaerved/?iunber eX8~1 ineQ (z). 
b Different rtm contro l ,  p <, O..OI. 

Different  from control, p < 0.05.  

I 

b 50/50(100) 49/49(100 49/4Y(lOO 
4/50(8)  15/49(30)' 42/49(U6) 

' 5 / 5 0 (  10) ' 26/49(52)b 49/49( 
O/SO(O)  0/49(0)  1/49( 2 1 
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TABLE 23. HISTOPATHOLOGIC LESIONSa IN FEMALE RATS HSLD FOR ' 

.INHALATION EXPOSURE TO DFM , 
POSTEXPOSURE OBSERVATION AFTER B O - D A Y  CONTINUGUS 

I 

, 'Shn  le DPY P e t r o l e u m  OPY - 
C o - c e n t r a t i o n  ( n p / n ' )  a n c e n t r a t i o n  (mg/ml) 

T i s s u e  0 5 0  300 0 so 300 

'. . . 

SkLn - 
Mammary g l a n d  - . ,  

Hype rp 1 a s  i a /d ' i  I a t a  t Lon ' 3 6 / 4 5 ( 8 )  3 4 / 4 3 ( 7 9 )  3 6 / 4 3 ( 8 4 )  IH/50(36) 1 4 / $ 5 ( 3 )  1 5 / 4 6 ( 3 3 )  , 
Adrnoca  rc I no" ,' 1 / 4 5 ( 2 )  0 / 4 ? ( 0 )  0 / 4 3 ( 0 )  1 / 5 0 ( 2 )  0 / 4 5 ( 0 )  0 / 4 6 ( 0 )  
PL br-drnoma I 3 / 4 5 ( 7 )  ' 2 / 4 3 ( 5 )  8 /43 (  1 9 )  3 / S 0 ( 6 )  1 / 4 5 ( 2 1  4 / 4 W  9 )  

' . C a V d i O v a a c u l a t  -.. 
Y y o c a r d L C l  , f l b r g i s /  

d r g s n c r s t l o n  
Pulmonary a r t e r y  
Irk n c r a  1 i za t Lon 

R c s p l r m t s r y  ' 

More - i n f l a w n a t i o n  
L u n r  - 

I n f l a - t i o n  
Ailenom 

8 / 5 0 (  16; 

7 /50(  1 4 )  

2 / 4 9 ( 4 )  I / 5 0 ( 2 )  0/50(0)  3/50(6) 

1 7 / 4 9 ( 3 5 )  I 3 /50(69  10/50(i0)b 4 / 5 0 ( 8 )  , 
0 / 4 9 ( 0 )  ' O / S O f O )  , 0 / 5 0 ( 0 )  0 / 5 0 ( 0 )  

t l v c r  
Focal ce l l  change 
- 
R i l e  d u c t ,  h y p c r p l r q t a  

, Adenoma 

- U r tn .ry  
Kldirey - 

N e p h r o p a t h y  38/48(  79) 29 /56(  58)b 
P a p t  1 l a r y  h y p e t p l a s t a  0 / 4 8 ( 0 )  0 / 5 0 ( 0 )  
I 1  n c r a  1 1 za t ion 9/411( 19) 3 / 5 0 ( 6 )  
A d r n o m  1 / 4 8 ( 2 )  O/SO(O)  

R e p r o d u c t i v e  b E n d o c r t n e  
> P i t u i t a r y  - 

Aden- 
C a r c  in- 

t h , y r o i d  - 
P o l l i c u l r r  csll tumors 
H y p e r p l a s i a  , 

P a r a t h y r o i d  - a d e n a  ~ 

A d r e n a l  - 
C e l l  khangc 

' C a r c o n o r r  
Aden- 
P h e o c h r - & t o r  ' 

U t e r u s  - 
Care1 n- 
Stromal polyps 

Lymhhore  t i c u l a  r 
Yononuc  1s. r 
cel'l Ilukeaia 8!49( 16). 

Number o b a c r t e d / H u r b e r  e u m i n s d  ( S j .  
D l f f e r s n t  troa c o n t r o l , .  p < 0.05.  < (  ' 

DISCUSSION 

The d e v e l o p m e - i  of male ra't n e p h r o t o x i c i t y  in r a t s  e x p o s e d  
t o  DFM is c o n s i s t e n t  w i t h  t h e  e f f e c t s  r e p o r t e d  w i t h  a n u m b e r  of 
o t h e r  h y d r o c a r b o n  f u e l s  and s o l v e n t s  ( C a r p e n t e r  et a l . ,  1975a,' 
1975b; Gaworski e t  al., 1934, 1985; P a r k e r  e t  a l . ,  1981; P h i l l i p s  
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a n d  Eqan,  1984a, 1984b). N e p h r o t o x i c  c h a n g e s  c s n s i s t e d  p r i m a r i l y  
of h y a l i n e  d e g e n e r a t i o n  w i t h  t h e  n e c r o s i s  n o t e d  in male ra'ts 
e x p o s e d  t o  300 mg(m3 c o n s i d e r e d  t o  b e  t h e  e n d  p r o d u c t  of t h i s ,  
c h a n g e .  T r a n s m i s s i o n  e l e c t r o n  m i c r o g r a p h s  o b t a i n e d  d u r i n g  t h e  
S h a l e  DFM s t u d y  showed l t t r g e  o s m o p h i l i c  g r a n u l e s  t h a t  c o r r e l a t e d  
w e l l ' w i t h  t h e  h y a J i n e  d r o p l e t s  d e t e c t e d  by l i g h t  m i c r o s c o p y .  I 
,Most of t h e  g r a n u l e s  were t h o u g h t  t o  be, s e c o n d a r y  l y s o s o m e s  
f o r m e d  a f te r .  f u s i o n  of p r i m a r y  lysosomes w i t h  e n d o c y t o t i c  v a c u -  
, o l e s . c o n t a i n i n g  e l e c t r o n  . d e n s e  material .  T h e  e l e c t r o n  micro- 
g r a p h s  implicate  t h e  p r o x i m a l  t u b u l e  a s  t h e  p r ' i m a r y  l o c a t i c t n  of 
t h e  h y d r o c a r b o n - a s s o c i a t e d  c y t o t o x i c  ef , fect  on  t h e  n e p h r o n .  
There w a s  d i s t i , n c t  , c y t o l y s i s  o f  t h e  t u b u l a r  e p i t h e l i u m  i n  t h a t  
n e p h r o n  s e g m e n t .  
l i a l  ce l l s  . u n d e r g o i n g  d e g e n e r q t i o n  t e r m i n a t e d  i n  n e c r o s i s . 5 ' T h e  
p e t t e . r n  3f necros'is w a s  u n y q u e  i 5 a s m u c h  as  some of t h e  u l t r a -  
s t r u c . t u r a 1  a r c h i t e c t u r e  of t h e  c e i i  s e e m e d  t o  be r e t a i n e d :  I t  
seemed t h a t  complete e n z y m a t i c  d e g r . a d a t i o n  was somehow , i n h i b i t e d .  
The & c h a n i s m  of p r e c l s e l y  how t h a t  e f f e c t  o c c u r r e d  r e m a > n s  un- 
d e t e r m i n e d .  

t h e  p r o x i m a l  d e s c e n d i n g  l i m b '  of t h e  l o o p  .of H e n l e  r e s u l t e d  from 
c e l l u l a r  d e b r i s  t h a t  w a s  washed  d o w n s t r e a m  from more p r o x i d l  
s e g m e n t s  02 t h e  n e p h r o n .  T h e  n o r m a l  u l t r a s t r u c t u r e  of , m o s t  cells 
l i n i n g  t h e  c y s t s ,  w i t h  o n l y  a n  o c c a s i o n a l :  c e l l  s h o w i n g  r e v e r s i b l e  
d e g e n e r a t i o n ,  s u g g e s t e d  a s e c o n d a r y  d a m a g i n g  e f f e c t ,  p o s s i b l y  
d e r i v e d  from l y t i c  ,enzymes associated w i t h  t h e  n e c r o t i c  c e l l s  i n  
t h e  l u m i n a .  If- t h e  damage was p r i m a r y ,  s u c h  as m i g h t  'be c a u s e d  
by a d b r e c t  t o x i c  i n s u l t  o n  t h e  l i n i n g  ce l l s  'of t h e  d e s c e n d i n g  
l i m b ,  a more, d i f f u s e  p a t t e r n  of c e l l u l a r  d e g e n e r a t i o n  w o u l d  be  

were m i n e r a l i z a t i o n ,  p a p i l i a r y  h y p e r p l a s i a ,  a n d  more s e v e r e  
c h r o n i c  progressive n % p h r o p a , t h y .  

' 

' 

, , 

I t  a p p e a r e d  t h a t  o n l y  ' k  r e l a ' t i v e ' l y  f e w  ' e p i t h e - '  

T h i s  e l e c t r o n  m i c r o s c o p i c  s t u d y  s u p p o r t e d  t h e  l i g h t  
I' m i c r o s c o p i c  e v i d e n c e  t , h a t  t h e  m e d u l l a r y  c y s t s  i n  t h e  region of 

b expected.' C h a n g e s )  o c d u r r i n g  i n  t h o  k i d n e y  s u b s e q u e n t  t o  e x p o s u r e  

T h e '  r e s u l t s  of m i c r o s c o p i c  e x a m i n a t i o n  of k i d n e y  t i s s u e  
" s u g g e s t  t h a t  $ h e  l w e r  d o s e  u t i l i z e d  i n  t h i s  s t u d y  may  h a v e  ap- 
p r o a c h e d  a * n o  e f f e c t "  l e v e l  f o r  t h e  d e v e l o p m e n t  of h y d r o c a r b o ' n  
a s s o c i a t e d  r e n a l  n e p h r o p a t h y , .  In a p r e v i o u ' s  90Lday continuoYA , 
e x p o s u r e  t o  JP-5, t h e  lowest c o n c e n t r a t i o n  t e s t ed ,  150 mg/m3, '  

, p r o d u c e d  s t r u c t u r a l  a l t e r a t i o n s  i n  niale r a t  k i d n e y s ,  i n c l u d i n g  
' n e c r o s i s  a t  e x p o s u r e  t e r m i n a t i o n  w i t h  a i p e r a l i z a t i o n  a n d  p a p i l -  ' 

lary h y p e r p l a s i a  d e v e l s p i i i g  p o s t e x p o s u r e  ( G a w o r s k i  e t  a l ,  , 1985) . I  

I n  t h e  p r e s e n t  s t u d y  e x p o s u r e . t o  50 m g / m 3  Zjroduced h y a l i n e  degen- 
e r a t i v e  c h a n g e s  w i t h o u t ,  h o w e v e r ,  e v i d e n c e  ,of  t u b u l a r  c e l l  necro-. 
sis a t  e x p o s u r e  t e r m i n a t i o n .  S u b s e q u e n t  p o s t e x p o s u r e  e x a m i n a t i p n  
i n d i c a t e d  n o  s u b s t a n t i a l  m i n e r a l i z a t i o n  n o r  p a p i l l a r y  h y p e r p l a s i a  
i 'n  male  r a t s  e x p o s e d  t o  50 m g / m 3  P e t r o l e u m  DFM., A l t h o u g h  . t h e s e ,  
c h a n g e s  Tere s e e n  i n  male ra t s  e x p o s e d  to  Shale DFM a t  50 rng/;m3, 

60 

i . 

' .  



t h e  i n c i d e n c e  was c o n s i . d e r a b l y  les's t h a n  t h a t  o c c u r r i n g ,  i n  male 
r a t s  ' e x p o s e d  t o  a h i g h e r  c o n c e n t r a t i o n .  

r'. 
, *  

. .. 
, . I  , 

A l t h o u g h  t h e r e  were k i d n e y  t , i s s u e  c h a n g e s  i n  male r a t s  a t  
t h e  m i c r o s c o p i c  l e v e l ,  t h e r e  was n o  i n d i c a t i o n  of i n c r e a s e d  k i , d 7  

. n e y  w e i g h $ ,  n o r  was t h e r e  a n y  s u g g e s t i o n  of s u b s t a n t i a l  f u n c t i o n -  
a l  c h a n g e s ,  i n d i c a t e d  by s e r u m '  HUN . a n d  c r e a t i n i n e  e l e v a t i o n s .  
Wale r a t s  e x p o s e d  t o  e i t h e r  p e t r o l e u m  or S h a l e  DFhl h a d  d e c s e a s e d  
w e i , g h t  g a i n s  c o m p a r e d  t o  t h e i r  r e s p e c t i v e  c o n t r o l s :  E r y t h r o c y t e  
p a r a m e t e r s  o f  m a l e ,  r a t s  e x p o s e d  t o  DFM t e n d e d  t o  show s l i g h t  
r e d u c t i o n s  when compared ,o c q n t r o l s .  T h i s  e f f e c t  w a s  c o n s i s t e n t  
w i t h " t , h e  , t r e n d s  n o t e d  i n  a p r e v i o u s  9 0 - d a y  c o n t i n u ' o u s  e x p o s u r e  t o  
J P - 5 .  j v t  f u e l  ( G a w o r s k i  e t  a l .  , ' .  1985,), a l t h o u k h  UFM e x p o s u r e  
f a i l e d  t o  r e d u c e , R B C  c o u n t s ,  h e m a t o c r i t ,  a n d  h e m o g l o b i n  l e v e l s  i n  
a l l  cases.. 

I I ,  

! 

' a n d  male a n d  f e r n a l e  d o g s  e x p o s e d  t o  DFM is c p n s i s f e n t ' w i t h  t h e  
t h e o r y  t h a t  t h e  d e v e l o p m e n t  o f  h y d r o c a r b o n  i n d u c e d  n e p h r o t o x i c i t y  
' i s  r e l a t e d  t o  t h e  b r e s e n c e  of a p r o t e i n  u n i q u e  t o  male r a t s .  1, 

A l d e n  e t  a l .  (1.984) h a s  i d e n t i f i e d  02u g l o b u l i n  as  t h e  p r o t e i n ,  
r e s p o n s i b l e  fo r  t h e  f o r m a t i o n  a n d  a c c u ' m u l a t i o n  of h y a l i n e  I 

d ropl'e t s . 

T h e  a b s e n c e  of r e n a l  t o x i c i t y  i n  f e m a l e  r a t s ,  f e m a l e  mice, 

. .  

. .  
2 '  _ .  
. ,  
i 

. I n  g e n e r a l ,  t h e  . e f f e c t s '  n o t e d  ' i n  dogs e x p o s e d  t o  DFM were c 
I .  v e r y  m i l d .  C h a n g e s  n o t e d  i n  b l o o d  parameters, i n c l u d i n g  r e d  L 

blood c e l l  osmoltic ' f r a g i l i t y ,  body w e i g h t s ,  o r g ' a n  w e i g h t s ,  a s  
y e l l  as  microscopic e x a m i n a t i o n  o f  t i s s u e s .  d i d  n o t  e s t a b l i s h  a n y  
exposure r e l a t e d  e f f e c t .  

s t  

, I  I 

Mice e x p o s e d  t o  S h a l e  DFM d e v e l o p e d  l u n g  i n f l a m m a t i o n  a n d  
, f a t t y  c h a n g e ; i n  t h e  l i v e r .  Mice 4 x p o s e d  t o  P e t r o l e u m  DFM were 

g e n e r a l l y  free o f , t h e s e  c h a n g e s ' .  F a t t y  c h a n g e  i n  t h e  l i v e r  i s  
o f t e n  r e g a r d e d  as a n o n - s p e c i f i c  t i s sue  a l t e r a t i o n .  

6 ,  . l i v e r  c h a n g e s  i n ' S h a i . e .  DFM e x p o s e d  mice were r e v e r s i b l e  a s  

I 

The  l u n g  a n d  

' 1 i n d i c a t e d  by  t h e  a b s e n c e  of a n y  s i g n i f i c a n t  i n c r e a s e  i n  t h e s e  
, l e ' s i o n s  p o s t e x p o s u r d .  Tire s o l v e n t  n a t u r e  o f  DFMzrnay h a v e  b e e n ,  

r e s p o n s i b l e  f o r  t h e  increased  o c c u r r e n c e  of d e r m a t i t i s  i n  e x p o s e d  
_ .  m ? c e ,  w h i c h  u l t i . n a t e l y  was r e s p o n s i b l e  f o r  t h e  s l i g h t l y  d e c r e a s e l d  

.. ,.. 6 '  l e n g t h  of s u r v i v a l  n o t e d  i n  t h e  S h a l e  DFM e x p o s e d  mice.' 
1 

I n  a r e c e n t l y  c o m p l e t e d  s t u d y  of t h e  e f f e c t s  o f  i n h a l e d  
g a s o l i n e  v a p o r s ,  r e n a l  n e o p l a s i a  was r e p o r t e d  ( M a c F a r l a n d  e t  a l . ,  
1984) .  ' I n  t h e  p r e s e n t  s t u d y  o f  DFM, k i d n e y  t u m o r s  were F d e n t i -  
f i e d  i n  o n e  male r a t  expo.' t o  P e t r o l e u m  DFM a t  50 m g / m 3  a n d  i n  
one,male r a t  e x p o s e d  t o  S h a l e  DFM a t  300 rng/m3. No c o n t r o l  male , ' 

r a t s  f r o m  e i t h e r  s t u d y  d e v e l o p e d  r e n a l  t u m o r s ;  h o w e v e r ,  a f e m a l e  
c o n t r o l  r a t  i n  t h e  petroleum s t u d y  d i d  d e v e l o p  a r e n a l  n e o p l a s m .  

6 1  



I '  
i 
j '  

A l t h o u g h  Fi ,dney t u m o r s  i n  ra ts  are  g e n e r a l l y  r e g a , r d e d  a s  r a re ,  
t h e  d e v e l o p m e n t  of tumors i n  t h e  t w o  male r a t s  e x p o s e d  t o  DFM i s  
most probaoly a n  i n c i d e n t a l  o c c u r r e n c e .  O v e r a l l ,  c o n t i n u a u s  
90-day e x p o s u r e  t o  DFM , d e r i v e d  from e i t h e r  P e t r o l e u m  , o r  S h a l e  J 

1 
species  t e s t e d .  5 

j 
:j 

' 1  e x p o s e d  t o  e i t h e r  P e t r o l e u m  or  S h a l e  DFM a t  300 mg/rn3: A dose I -, 

' ' i n  male r a t s  e x p o s e d  t w 5 0  mg/a3  Shale  DFM. F u r t h e r r n c r e ,  t h e  '. a 

DF,M d i d  not p r o d u c e  i n c r e a s e d  i n c i d e n c e  of a n y  t u m o r  t ype  2n a n y  ' 2  

I n  c o n c l u s i o n ,  t h e  resu l t s  of t h i s  s t u d y  are  i n  c lose  a g r e e - '  1 '  

.$ ment  w i t h  t h e  e f f e c t s  n o t e d  i n  o ther  s t u d i e s  o f  h y d r o c a r 5 o n  
, fsels. Male r a t  n e p h r o t o x i c , c h a n g e s  were e v i d e n t  i n . ' a n i m a Z s  ' 

r e s p o n s e  was s u g g e s t e d  by t h e  r e d u c e d  s e v e r i ; t y  of n e p h r o t o x i c i t y  

a b s e n c e  of s i g n i f i c a c t  r e n a l  c h a n g g s  i n  male rats e x p o s e d  t o  
P e t r o l e u m  DFM a t  50 mg/m3 i n d i c a t e s  t h a t , t h i s  c a n c e n t r a t i o n  i s  , 

near ' a  "no e f fec t "  leve l  for male rat r e n a l  t o x i c i t y .  C o m p a r i s o n  
of t h e  e f f e c c s  o b s e r v e d  w , i t h  P e t r o l e u m  DFM w i t h  those  o b s e r v e d  , 
w i t h  S h a l e  DFM s u g g e s t , o n l y  m i n o r  d i f f e r e n c e s  b e t w e e n  t h e  t w o  
materials. I 

. 

?i 

, ,  

* 
9 .  
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5 .  

' I n  S e p t e m b e r  of 1980 t h e  Toxic H a z a r d s  ResearCh U n i t  i n i t i -  i 

a t e d  a 1 - y , e a r  i n d u s t r i a l - t y p e  i n h a l a t i o n  e x p o s u r e  o f  l a b o r a t o r y  1 -  

a n i m a l s  t o  O t t o  F u e l  11. 
, .  

E x p o s u r e  of rats. a n d  mice, t e r m i n a t e d  'on, I .  

~ s c h e d u l e  i n  S e ' p t e m b e r  of! 1'981. E x p o s u r e  o f  d o g s  t k r m i n a t e d  i n  
November 1981 a f t e r  a n  a d d i t i o n a l . 2  m o n t h s  o n  s t u d y .  
t i o n a l  e x p o s u r e '  was c o n d u c t e d  t o  i n v e s t i g a t e  r a p i d  d e c r e a s e s  in 
h e n i a t o l o g l c  v a l u e s  w h i c h  o c c u r r e d  d u r i n g , t h e  , l a t t e r  portiorl of 
t h e  e x p o s u r e .  

This a d d i -  

I , '  g 
.I 

O t t o  F u e l  I 1  is u s e d  by t h e  U .  3. Navy as a l i q u i d  propel-  

T h e  b a l a n c d  of O t t o  F u e l  I 1  
is c o m b r i s e d  of 2 r n i t r o d i p h e n y l a m i n e  (2%) a a d e d  as '  a s tab i . l i , ze r  
a n d  d i - n - b u t y l  sebacate (23%) a d d e d  as  a : d e s e n s i t i z e r .  

.' l a n t  i n  torpedoes a n d  o t h e r  weapon s y s t e m s .  The c h i e f  c o m p o n e n t  , 1 

( a p p r o x i m a t e l y  75%) o f  O t t o  F u e l  XI i s  t h e  n i t r a t e ,  e s t e r  1,2- . .  

' p r o p y l + - n e  g l y c o l  d i n i t r a t e  ( P G D N ) .  I 

t 

8 ,  

.. T h e  c o n s t i t u e n t  o f , O t t o  F u e l  I 1  t h a t  p r e s e n t s  t h e  most con-  

' 1  
' c e r n  is  PGDN, w h i c h  i s  a p o t e n t  v a s o d i l a t o r  a n d ' h a s  bee'n shown t o  , 
produce severe h e a d a c h e s  i n  humans a t  l o w  v a p o r  c o n c e n t r a t i o n s  7 

(S tewar t  e t '  a l . ,  1 9 7 4 ) .  'Ris s t u d y  vas u n d e r t a k e n  t o  i - n v e s t i g a t e  
l o n g - t e r m  e f f e c t s  of c h r o n i c  e x p o s d r e  t o  low c o n c e n t r a t i o n s  of 
i n h a l e d  v a p o r s .  I 

3 R a c k g r o p n d  i n f o r m a t l o n  for t h i s  s t u d y  was p r e s e n t e d  i n  a - 
p r e v i o u s  a n n u a l  report  (MacEwen a n d  V e r n o t ,  1981). P e r t i n e n t  I 

, 6 2  
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O t t o , F u e J .  I 1  g e n e r a t i o n  a n d  m o n i t o r i n g  d a t a  a r e  a ' lso d e s c r i b e d  i n  
t h a t  report. B: . ie f ly ,  male a n d  female b e a g l e  d o g s ,  F i s c h e r  344 
r a t s ,  a n d  C57BL/6 mice were e x p o s e d  t o  1 . 4 , m g / m 3  O t t o  F u e l  I 1  

' Vapor. A d d i t i o n a l .  g r o u p s  of male a n d  f e m a l e  r a t s  a n d  rnice'were 
e x p o s e d  t o  240 mg/rn3 O t t o  F u e l  I 1  v a p o r .  E x p o s u r e s  were conduct , -  
e d  i n  Thomas D o m e  ' I n h a l a t i o n  Chambers o n  a 6 h o u r / d a y ,  ,S d a y / w e e k  . ' 

b a s i s .  E x p o s u r e s  were n o t  c o n d u c t e d  o n  w e e k e n d s  o r  h o l i d a y s .  A t  
t h e  c o m p l e t i o n  of 1 year of e x p o s u r e ,  10 male a n d  10 f e m k l e  r a t s  
a n d  10 male a n d  10 female mice f r o m  each e x p e r i m e n t a l  g r o u p  were 

. r a n d o m l y  chosen for n e c r o p s y .  A l l  d o g s  were sacr i f iced  a t  t h e  
c o n c l u s i o n  of t h e  e x p a s u r e  p h a s e . '  R e m a i n i n g  r o d e n t s  were h e l d  
Pcr ,a' l - y e a r  p o s t e x p o s u r e  o b s e r v a t i o n  p e r i o d .  

t i o n . ,  R 3 . t  b l o o d  was a l so  collected for hematologic a n d  c l t n i c a l  
c h e m i s t r y  , t es t$ , '  L i v e r ,  , k i d n e y ,  a n d  s p l e e n  w e i g h t s  were recorded 
on a l l  r a t s  a n d  l o g s  s a c r i f i c e d .  

v a r i o u s  o b s e r v a t i o n s  were p r e s s n t e d  i n , p r e v i . o u s  a n n u a l  repor t s  
'( MacEwen a n d  V e r n o t ,  . 1981, ' 1982, a n d  1983). 

1 

' 

A t  t h b  t i m e  of ' 
' ' n d c r o p s y ,  t i s s u e s  'were col lected for , h i s t o p a t h o l o g i c  e x a m i n a -  6 .  I 

Body w e i g h t s  were recorzed 
, r e g u l a l r l y  t h r o u g h  t h e  c o u r s e  of t h e  s t u d y .  R e s u l t s  of t h e s e ,  

~. 

d u r i n g  ' t h e  p a s t  y e a r  ' t h e  e ' x a m i n a t i o n  of ' t i s s u e s  c o l l e c t e d  , 
from t h e  a n i m a l s  i n  t h e  s t u d y  w a s  c o n i p l e t e d .  B e c a u s e  of 'th.e 

in ,g  a l l  t i s s u e s  f r o m  a l l  a n i m a l s  was altered s l i g h t l y .  A l l  tis-, . I . 

sues from t h e  c o n t r o l  a n d  h i g h  d o s e  r o d e n t s  were examined, .  I n  
t h e  l o w  d o s e  g r o u p ,  t h e  e x a m i n a t i o n  was r e d u c e d  t o  i n c l u d e  a l l  
l u n g s ,  l i v e r s ,  k i d n e y s , ' a s  w e l l :  as g r o s s  l e s i o n s  n o t e d  at n e c r o p -  , .  

s y .  .In a d d i ' t i o n ,  a l l  t i s s u e s  c o n s i d e r e d  t o  b e  d e m o n s t r a t i n g  an.! . 
e x p o s u r e '  r e l a t e d ' . i n c r e a s e d  i n c i d e n c e ,  based on e x a m i n a t i o n  o f  the 
c o n t r o l  a n d  h i g h  dose g r o u p s ,  were e x a m i n e d  i n  t h e  low dose 

, l a r g e  number of r o d e n t s  i n ' t h e  s t u d y ,  t h e  u s u a l  p r a c t i c e  of r e a d -  , 

. _  

g r o u p .  , 

* 

The d i s c u s s i o n  for e a c h , a n i m a l  species c o n s i s t s . o f ' 2  pa r t s .  
The  f i r s t  s e c t i o n  i n c l u d e s  a n i m a l s  w h i c h  # d i e d  d u r i n g  t h e  l - y e a r  
e x p o s u r e  or were s a c r i f i c e d  i m m e d i a t e l y  f o l l o w i n g ' e x p o s u r e .  T h e  I '  

s e c o n d  s e c t i o n  i n c l u d e s  a n i m a l s  t h a t  d i e d  d u r i n g  t h e  p o s t e x p o s u r e  
o b s , e r v a t i o n  per iod or were k i l ' . d d  f o r  h i s t o l o g i c  l e x a m i n a t i o n  
a f t e r  2 years  on t h e  s t u d y .  

RESULTS " 

I 

I ,  

. *  . I  
Dcgs e x p o s e d ' t ' o  1.4 m g / m 3  O t t o  F u e l  I 1  d e m o n s t r a t e d  n o  t is-  

, s i le  c h a n g e s  t h a t  were c o n s i d e r e d  t o  be e x p o s u r e  r e l a t ed .  D u r i n g  
1 t h e  l a t e r  pe r iod  of e x p o s u r e  t h e  dog, e x p o s e d  t o  1.4  mg/m3 O t ' t o  

F u e l  11 e x h i b i t e d  r e d u c e d  i.ed blood c e l l  c o u n t s ,  h e m a t o c r i t  a n d  
:-] 
- 

h e m o g l o b i n  l e v e l s .  To f u r t h e r  e x a m i n e  t h i s  phenomenon,  specia ' l  :-j 
""q  
- <  a .  

-:4 
- <  63 
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b o n e  marrow s t a i n s  were p r e p a r e d  t o  d e t e r m i n e  m y p 1 o i d : e r y t h r o i d  
, r a t i o s .  U n f o r t u n a t e l y ,  t h e  t e c h n i c a l  q b a l i t y  of these  p r e p a r a -  

t i o n s  was poor  m a k i n g  t h e , e x a r n i n a t i o n  of r e s u l t s  u n r e l i a b l e .  
However ,  e x a m i n a t i o n  of t h e  b o n e  marrow t a k e n  i n  r o u t i n e  b o n e '  
s e c t i o n s  d i d  n o t  s u g g e s t  a n y  u n u s u a l  e f f e c t s  o n  t h e  blood f o r m i n g  
c e l l s .  

I 

. .  
. Uice 

T h e  r e s u l t s ' o f  t h e  microscopic e x a m i n a t i o n  of , t i s s u e s  c o l -  
lected f r o m  mice e x p o g e d  t o  0 , t t o ' F u e l  ,I1 are  p r e s e n t e d  i n  T a b l e  

I .  t 2 4 . ' ~  d n l y  t h e  q0s.t f r e q u e n t l y  , o b s e r v e d  l e s i o n s  a r e , n o t e d .  A t  ' I 

e x p o s ' u r e  t e r m i n a t i o n ,  c h r o n i c  u l c e r a t i v e  d e r m a t i t i s  was recorded 
i n  44% of female c o n t r o 1 , m i c e  a n d  i n  n o n e  o f  t h e  e x p s e d  
s u b j e c t s .  These s k i n  l e s i o n s  a r e  cdmmon i n  a d u l ?  mice. H y a l i n e  
d e g e n e r a t i o n  of t h e  n a s a l  e p i t h e l i u m  was'a1s.o r e c o r d e d  more 
f r e q u e n t l y  i n  c o n t r o l  mice t h a n  i n  t h e  h i g h  dose s u b j e c t s .  
G r a n u l o c y t i c  h y p e r p l a s i a  of t h e  b o n e  'marrow was 'a lso s i g n i f i c a n t -  
l y  more p r e v a l e n t  i n  c o n t r o l  mice. I n  C 5 7 B L / 6  mice, t h i s  l e s i o n  
i s  o f t e n  associated w i t h  c h r o n i c  u l c e r a t i v e  de rma t i t i s ,  a s k i n  
d i s e a s e  of o b s c u r e  e t i o l o g y .  H y a l i n e  d e g e n e r a t i o n  of g a l l b l a d d e r  
e p i t h e l i u m  was n o t e d  w i t h  i n c r e a s e d  f r e q u e n c y  i n  c o n t r o l  mice. 

. , This c h a n g e  may be  associated w i t h  i n c r e a s e d  i n f l a m m a t o r y  d i sease  
i n  t h e  c o n t r o l  group, a n d  i s  a l s o  c o n s i d e r e d  a common f i n d i n g  i n  
a g i n g  mice. H e p a t o c e l l u l a r  f a t t y  c h a n g e  w a s .  n o t e ' d  w i t h  a g r e a t e r  

' f r e q u e n c y  i n  c o n t r c l l  mice. O f t e n  this c h a n g e  c a n  be ass,ociated I 

w i t h  c h r o n i c  u l c e r a t ' i v e  d e r m a t i t i s  i n  mice. In c o n t r a s t , '  hepato-  
c e l l u l a r  c y t o p l a s m i c  v a c u o l i z a t i o n  ,was r e c o r d e d  e x c l u s i v e l y  ' i n  
e x p o s e d  mice. A t  t h e  l i g h t  m i c r o s c o p i c  l e v e l ,  c y t o p l a s m i c  
v a c u o l i z a t i o n  i s  a t t r i b u t e d  t o  i n c r e a s e d  c y t o p l a s m i c - g l y c o g e n  a n d  
p r o b a b l y  was r e l a t e d  t o  a n  a b b r e v i a t e d  f a s t ' i n g  p e r i o d  j u s t  p r i o r  
t o  s a c r i f i c e  a n d  n o t  t o  a n y  p a t h o l o g i c  e v e n t .  

, 

I . .  

L e s i o n s  observed'  a t  t h e  c o n c l u s i o n  of the 1 - y e a r  y o s t e x p o -  
* i i  

s u r e  o b s e r v a t i o n  pe r iod  were g e n e r a l l y  c o ' n s i ' s t e n t  w i t h  t h o s e  
o b s e r v e d  a t  e x p o s u r e  t e r m i n a t i o n  ( T a b l e  24,). I n  a d d i t i o n ,  e x t r a - ,  
m e d u l l a r y  b e m a t o p d i e s i s  i n  t h e  s p l e e n .  was o b s e r v e d  more f r e q u e n t -  
l y , i n  c o n t r o l s  a n d  p r o b a b l y  was r e l a t ed  t o  i n f l a m m a t o r y  les io5s 
e l s e w h e r e  i c  t h e  bo,dy. S p l e n i c  l y m p h o i d  h y p e r p l a s i a  w a s  n o t e d  t o  

11. 
v e r y  common i n  o lder  C 5 7 B L / 6  mice. Both  a t r o p h y  a n d  f o c a l  h y p e r -  
p l a s i a  were common i n  t h e  a d r e n a l  c o r t e x  o f  older  male mice as- 

8 s i g n e d  t o  a l l  e x p e r i n e n t a l  g r o u p s .  These l e s i c n s  were t h o u g h t  t o  
b e  s p o n t a n e o u ' s  a g i n g  c h a n g e s  a n d  u n r e l a t e d  t o  O t t o  F u e l  11 
e xpos  u r  e. 

, ,I b e , s l i g h t l y  more common i n  mice e x p o s e d  t o '  240 mg/n3 O t t o  F u e l  
This f i n d i n g  m a y . h a v e  r e p r e s e n t e d  e a r l y  lymphoma which  i s  

I 
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A l l  o ther  t i s s u e  c h a n g e s  n o t e d  i n  mice e x a m i n e d  a t  e i t h e r  e x p o -  
s u r e  t e r m i n a t i o n  or 1-year p o s t e x p o s u r e  d e m o n s t r a t e d  n o  r e l a -  
t i o n s h i p  t o  e x p o s u r e .  

TABLE 24. ' LESIONS OBSERVED' I N  MICE EXPOSED TO OTTO FUEL I1  
INTERMITTENTLY FOR '1 YEARa 

N ~ S ~ I  
I 

Hyaline degener+tlon 11/11 (52) 7/16 (44) 1/14 (7)b 13/17 (76) 8/15 (S3) 4/18 ( 2 2 ) b  

Granulocytic hyperplasia 13/20 (85) 3/13'(23)c 1/14 (7)b '12/16 (67) 0114 ( 0 ) b ' .  ?/I8 ( 0 ) b  

Patty ChAnge . ' 12/21 (57)' 2/15 (13)c 5/15 (33) iO/l7 (59) 9/16 (56) 3/20 
'fa cuo 1 1. za t i on 0121 (0) 3/15 (20) , 3/15 ( 2 0 )  . 0/17 (0) 3/16 (19) 9/23 (38Ib 

Hyaline degeneration 6/19 (29) 1/12 (8) 0111 ( 0 )  

Bone Yarrow, 

LLver - 
G ~ l l  Bladder 

3/16 (19) 3/12 (25) 1/14 (7) 
. I  

One Year Postexposure 
Yale Female 

. .  

1.4 m g / m 3  240 mg/rn'  Control 1.4 mg/rn3' 240 m g f m 3  Control 

Skin 

Yamnmry Gland 

Bone 

- 
Ulcerative demtitis 

Cystic Hyperplasia 

Os teosrrcomn 
Osteosclerosis * 5 

Granulocytic Hyperplssla 

Patty Change 

ilenm topoies is 
Lysphoid Hyperplrsla , 

Atrophy 

Lyrnphdytic lnflltratea 

- 
%ne Marror' 

Liver 

Spleen 

- 

Adrenal Gland 

Sallvary Glrnd 

5/79 ( 6 )  

0179 (0) 

0/7Q (O) ,  
0170 (0) 

30170 (43) 

39/79 (49) 

21/76 (32) 
2/76 (3.) 

12/74 (le), 

45/73 (62) 

3/59 (5) 5/83 (6) 

' 0/75 (0) d 

d ,  
d 

d . 6/81 (7)b 
28/57 (49) , 54/62 ( 8 6 )  

4/14 (29) 16/79 (20) 
2/14 (14) 15/79 (19)b 

of82 ( 0 )  
1/82 (1) 

36/42 ( 8 ~ 3 ) ~  15/72 (21)  

d 47/81 (57) 

Number observed/Nurber examined 
b D l f f e n n t  froa control: p < O:OI 
C bDliferent froa control,, p < 0.05 
Tissues not exlrined. 

Kats 

17/82 (21) 

28/82 (34) 

6/76 (0) 
0 / 7 8  (0) 

26/74 (35) 

52/81 (64) 

49/78 (63) 
z17e ( 2 )  , 

o / y  ( 0 )  
' I  

38/74 (51) 

9/57 (16) 

d 

d 
d 

d 

19/56 (34)b 

13/35 (43) 
3/35 (9) 

0/9 ( 0 )  

d 

lll/75 (15) 

4/75 ( 5 ) b  

1/70 (1) 
0170 ( 0 )  

12/69 (17)' 

39/75 (52) 

23/73 (32)b 
7/73 (IO) 

1/72 ( 1 )  

35/72 (49) 

L e s i o n s  o b s e r v e d  i n  r a t s  a t  e x p o s u r e  t e r m i n h t i o n  a re  shown 
i n  Table  25. TQe t a b l e  h a s  b e e n  , a b b r e v i a t e d  # t o  e x c l u d e  most of 
t h e  common s p o n t a n e o u s  l e s i o n s  s h o w i n g  n o  e x p o s u r e  r e l a t i o n s h i p .  
A t  e x p o s u r e  t e r m i n a , t i o n ,  a modest nurr,ih)-, of r a t s  a s s i g n e d  t o  both 
t h e  l o w  a n d  h i g h  d o s e  e x p o s u r e  g r o u p s . e x h i b i t e d  m i l d  h y a l i n e  
d e g e n e r a t i o n  of t h e  n a s a l  e p i t h e l i , u m .  This i s  a common a g i n g  
c h a n g e  i n  r a t s ,  and  i t  is  c o n s i d e r e d  t o  be of l i t t l e  p n t h o l o g i c  
s i g n i f i c a n c e .  V e r y  s l i g h t  i n c r e a s e s  i n  p u l m o n a r y  i n f l a m m a t o r y  

65 
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TABLE 25. LESIONS OBSERVED I N  RATS EXPOSED t o  OTTO F U E L  1 1 ~  
, INTERMITTENTLY FOR 1 Y E A R a  . ' , .  

8 ,  

I Exposure Termination 
Mal e Female 

Control 1.4 m y / m 3  240 m g / m 3  C o d t r o ~  1.4 m g j m '  240 m g / , m f  
, 

Nasal 
0/15 (0) 5 / 1 5  (30)b 5/11 ( 4 5 ) c  0/17 ( 0 )  3/10 (30) 2 / 1 3  ( 1 5 )  

- 
Hyaltne degeneration 

Lung Perivasculnr cuffing * 1/15 (7) 4/16 (27) 1/11 (9) 1/17 (6) ' 1/10 (10) 6/13 (46)b 
Alveolar macrophages 0115 ( 0 )  1/15 (7) , 1/11 (9) 0/1,7 ( 0 )  0/10 (0) 0/13 (0) 
Congestion 3/15 (30) 3/15 (2) 0115 (0) , 3/17 118) O/lO ( 0 )  2/13 ( 1 5 1  
Lymphocyttc 

tnfiltration 0/15 ( 0 )  2/15 (13) 0 / 1 5  (0) 0/17 ( O ) I  0 /10 ( 0 )  ,0/13 ( 0 )  
I ' I  I ,  1.8 ! I  I ,  

One Year Postexposure' 
Male . ' Female 

C o n t r o l  1.4 m a l m 3  240 mg/m' Control 1 . 4  m g / Z  240 mg/m3 

Nasal 

Bone 

I - 
iiyalt n'e degeneration 18/82 :22) d l  23/87 (26) 51/83 (61) d '  w a s  ( S Y )  

Os teosarcomb 0 / 7 8  ( 0 )  1/55 ( 2 ?  2 / 8 5  ( 2 )  o/80 (01. ,O/SI (0) o / a s  (0) 
10/80 (13) 5/61 (8) 24/83 (29)b 4 ,  

Osteosclerosls 0/78 ( 0 )  O / S S  (0) O / S S  ( 0 )  

Os t eoma * I  0178 ( 0 )  ' o j s s  (0) 018s (0) I 0180,  ( 0 )  1/61 ( 2 )  

Mononuclear cell, 

0/83 ,(O) , .  S p l e e n  

leukenllh 12/82 (IS) 6/58 (IO) 5 / 8 8  ( 6 )  22/82 (27) 19/65 (29) 6/87 (7)" 
Hemosiderosis 7/82 (9) i/sa ( 2 )  s p a  ( 9 )  3 4 / 8 2  (41) 5 / 6 5  ;a)= 53/a'7 ( s i ) b  

Uterus ' 
I Adenocarclnoma - - ' 2 4 / 8 1  (30) 3/65 (5)'  ,618s (7)' 

Stromal Polyp - . -  - ' 3/81 (4) 7/65 (11) , 1 2 / 8 5  ( 1 4 )  
Endome t rta 1 

a Number observed/Number examined (%). 
b Dtfferent from contrpl. p < 0 . 0 s .  

, /  

Different from control4 p < 0.01. , I 

Ttssues not examined. 
I 

c h a n g e s  ( i n c l u d i n g  p e r i v a s c u l a r  c u f f i n g ,  l y m p o c y t i c  . i n f i l t r a t e s ,  
c h r o n i c  i n t e r s t i t i a l  i n f l a m m a t i o n  a n d  a l v e o i a r  m e c r o p h a g e s j  were 
n o t e d , i n  e x p o s e d  s u b j e c t s ,  b u t  n o t  i n  a d o s e - r p l a t e d  f a s h i o n .  , 
T h e s e  m i n o r  c h a n g e s  s u g g e s t  t h a t  O t t o  F u e l  I 1  m i g h t  bel a v e r y  
m i l d  p u l m o n a r y  i r r i t a n t  o r  p r e d i s p o s e  t o  s e c o n d a r y  i n f e c t i o u s  
diseases.  ' '  

t ' I  

r ' ' C h a n g e s  n o t e d  i n  r a t s  1 - y e a r , p o s t e x p o s u r e  a r e  a l s o  shown i n  
' 

T a b l e  25.' 
were o b s e r v e d  i n  exposed r a t s  w h e r e a s  no s k e l e t a l  t u m o r s  w,ere 

, recorded i n  c o n t r o l  s u b j e c t s .  Osteosclerosis  ( h y p e r o s t o s i s )  of 
c o r t i c a l  b o n e  was a l s o  n o t e d  with modest f r e q u e n c y  i n  the h i g h  
dose  females. This c h a n g e  is common i n  a g i n g  F i s c h e r  344 f e m a l e s  
a n d ' p r o b a b l y  i s  re la ted t o  i n c r e a s e d  levels.of e s t r o g e n i c  hor -  
mones.  M o n o n u c l e a r  c e l l  l e u k e m i a  ( l a rge  g r a n u l a r  l y m p h o c y t e  
l e u k e m i a )  was o b s e r v e d  w i t h  d i m i n i s h e d  f r e q u e n c y  i n  b o t h  male and 
female exposed r a t s .  Th'is h e m a t o p o i e t i c  n e o p l a s m  i s  v e r y  common 
i n ,  a g i n g  r a t s ,  a n d  , t h e  decreased i n c i d e n c e  i n  e x p o s e d  s u b j e c t s  

P s i n l a r y  b o n e  n e o p l a s k  (1  ostgoma a n d  3 osteosarcomas) 

. .  
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s u g g e s t s , t h a t  O t t o  F u e l  1 1  may h a v e  some p r o t e c t i v e  e f f e c t . '  
S p l e n i c  h e m o s i d e r o s i s  was f r e q u e n t l y  d i a g n o s e d  i n  b o t h  c o n t r o l  
a n d  h i g h  d o s e  females. T h i s ' i s  c o n s i d e r e d  t o  6e a common a g i n g  

. c h a n g e .  U t e r i n e  ( e n d o m e t r i a l )  a d e n o c a r c i n o m a s  were r e c o r d e d  i n  
30% of t h e  c o n t r o l  f e m a l e s  w h e r e a s  o n l y  7 %  of t h e  h i g h  d o s e  
f e m a l e s  e x h i b i t e d  t h i s  n e o p l a s m .  Tumor i n c i d e n c e s  i n  b o t h  g r o u p s  
a p p e a r e d  t o  b e  w i . t h i n  t h e  r a n g e  o f  a c c e p t e d  v a r i a b i l i t y  f o r  
u t e r i n e  a d e n o c a r c i n o m a s  i , n , ' F i s c h e r  3 4 4  rats.  
d e c r e a s i n g  t r e n d  f o r  u t e r i n e  a d e n o c a r c i n o m a s 1  i n  e x p o s e d  r a t s ,  
e n d o m e t r i a l  stromal polyps were s l i g h t l y  i n c r e a s e d  i n  e x p o s e d  
f e m a l e ' s ,  ' 14% i n '  h i g h  d o s e  s u b j e c t s  c o m p a r e d  w i t h  411% inaalow d o s e  
f e m a l e s  a n d  4% i n  c o n t r o l s .  ~ E n d o m e t r i a l  stromal p o l y p s  aye 
common i n , o l d e r  F i s c h e r  344 ra ts .  A , 1 1  o$her c h a n g e s  n o t e d  i n  
male a n d  f e m a l e  r a t s  f r o m  t h e  s t u d y  were c o n s i d e r e d  t o  be 

In c o n t r a s t  t o  t h e  

. I  I 

I u n r e l a t e d  t o  O t t o ' F u e l  1 1  e x p o s u r e .  
I 

DIiS,CUSSJON , 

'The r e s u l t s  of t h e  m i c r o s c o p i c  e x a m i n a t i o n  of t i s s u e s ' c o l -  ' I 

lected from r o d e n t s  i n d , i c a t e d  no c l e a r  e v i d e n c e  of s u b s , t a n t i a l  
n o n - n e o p l a s t i c  c h a n g e s .  ' I n  a d d i t i o n ,  n o  s t r o n g  t u m o r i g e n i c  
p o t e n t i a l  was d e m o n s t r a , t e d  i n  r a t s  or mice e x p o s e d  f o r  1 y e a r  t o  
Ot to  F u e l  I1 vapors a t  a , v e r y  h , i g h  c o n c e n t r a t i o n  n e a r  t h e  s a t u -  
ra ted v a p o r  v a l u e .  Pr imslry b o n e  t u m o r s  ixi rats  a re  g e n e r a l l y  
c o n s i d e r e d  rare. The  o c c u r r e n c e  of t w o  s u c h  tumors i n  b o t h ' t h e  
l o w  d o s e  a n d  h i g h  d o s e  r a t  g r o u p s )  wi ' th  n o n e  i n  t h e  con t ro l s ,  , 

s u g g e s t s  a p o t e n t i a l 1  r . e l a t i o n s h i p  w i t h  O t t o ,  F u e l  I1  e x p o s u r e .  
However ,  t h e  l o w  , f r e q u e n c y  a n d '  a b s e n c e  of a dose r e s p o n s e  re la -  

' ,  t i o n s h i p ,  i n  v i e w  of t h e  d r a s t i c  d i f f e r e n c e  i n  e x p o s u r e  c o n c e n -  
t r a t i o n s ,  i m p l i e s  t h a t  t h e  d e v e l o G m e n t  df  t h e s e , n e o p l a s m s  w a s  

! I  

I 
I p r o b a b l y  u n r e l a t e d '  t o  e x p o s u r e , .  I ,  

1 ,  

A, r e c e n t  p u b l i c a t i o n  by Racre e t  a l .  (1979) i n d i c a t e d  t h a t  - , 

rats f e d  1% t r i n i t r o g l y c e r i n  (TGN) dev*Loped a s i g n i f i c a n t l y  
g r e a t e r  n u m b e r . o f  l i v e r  t u a o r s  compared t o  cont ro ls , .  TGN 1s 

' c l o s e l y  r e l a t e d  i n ,  s t r u c t u r e  t o  1-2 p r o p y l e n e  glycol d i n i t r a t e  
( P G D N ) ,  t h e  major c o m p o n e n t  of O t t o  F u e l  11. T h i s  s t u d y  h a s  
d e m o n s t r a t e d  ' t h a t  d e s p i t e  t h e '  s i m i l a r i t y , i n  s t r u c t u r e  of t h e s e  2 

I compounds ,  1 y e a r  of i n t e r m i t t e n t  i n h a l a t i o n  e x p o s u r e  t o  
, c o n c e n t r a t i o n s  o f  PGDN u p  t q  240 mg/m3 p r o d u c e d  n o  s i g n i f i c a n t  

l i v e r  t u m o r s  i n  r a t s . o r  mi'ce. 
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THE ~ X P ~ R I M E N T ~ L  DETERMINATION OF THE O N C ~ E N I C  EPPRCTS OF 
1-YEAR EXPOSURE TO PETBOLEDM JP-4  VAPOR 

J 
A s t u d y  w a s  d e s i g n e d  ' t o  compsre t h e  t u m o r i g e n i c  p o t e n t i a l  o f  

i n h a l e d  P e t r o l e u m  JP-4 ' f u e l  v a p o r  w i t h  t h a t  f,rom S h a l e  O i l  de- 
r i v e d  JP-4 f u e l s  s i n c e  sha l e  o i l s  h a v e  b e e n  r e p o r t e d  t o  be more 
p o t e n t  c a r c i n o g e n s  t h a n  p e t r o l e u m  o i l s  when p a i n t e d  o n  mouse 
s k i n .  

Mice. a n i $ , r a t s  were e x p 0 s e . d  t o  JP-4 c o n c e n t r a t i o n s  of 5000 , 
8 rng/~$~ a n d ,  1000 mg/m! by  t h e  i n h a l a t i o n  r o u t e  i n  Thomas Done ( in- .  t ,  

1 h a l a t i o n  chambers for 1 y e a r  u s i n g  a ,work week s c h e d u l e  o f , 6  
' h o u r s / d a y ,  5 d a y s / w e e k  w i t h  h o l i d a y s  a n d  w e e k e n d s  e x c l u d e d  t o  

' s i m u l a t e  a human i n d u s t 2 i a l  e x p o s u r e  r e g i m e n .  E a c h  ' e x p o s u r e  
g r o u p  c o ' n s i s t e d  of 100 male a n d  L O O  f e , m a l e  F i s c h e r  3 4 4  rats a n d .  
100 male' a n d  100 female C57BL/G mice. A n o t h e r  g r o u p  w s i t h  t h e  
same n u m b e r s  of animals was h e l d  a t  t h e  ' V e t e r i n a r y  S c i e n c e s  
D i v i s i o n  B u i l d i n g  ( V i v a r i u m )  t o  s e r v e  a s  . c o n t r o l s .  I .  

, 

F o l l o w i n g  t h e  e x p o s u r e  p e r i o d ,  10% of t h e  r o d e n t s  from each , 
g r o u p  were s a c r i f i c e d ' w h i l e  t h e  r e m a i n i n g  r o d e n t s  were h e l d  f o r  
p o s t e a p o s u r e  o b s e r v a t i o n  f o r  1 ' a d d i t i o n a l  year .  + ,  

, .  
I 

T h e  e x p e r i m e n t a l  protocol for t h e  1 - y e a r  i n h a l a t i o n  ' e x p o s u r e  ' 

of r a t s  an,d mice t o  P e t r o l e u m  JP-4 v a p o r  c a n  be  f o u n d  i n  a y r e v i - 8  
ous a n n u a l  report (AlacEwen a n d  Vernot, 1980). Body w e i g h t  da ta  
a s  , w e 1 1  as r e s u l t s  of c l i n i c a l  tests t h r o u g h  t h e  1 - y e a r  p o s t e x p o -  
s u r e  p e r i o d  are de ta i led  i n  8 la ter  a n n u a l  r e p o r t  (MacEwen a n d '  
V e r n o t ,  1983). ' 

1 '  

H i s t o p a t h o l o g i c  e v a l u a t i o n  of t h e  t i s s u e s  h a r v e s t e d  a t  a l l  
s a c r i f i c e  p e r i o d s  is  p r e s e n t l y  t a k i n g  p l a c e .  I t  is a n t i c i p a t e d  . I  

t h a t  a n  e v a l u a t i o n  of these data w i l l  b.e a v a i l a b l e  for the n e x t  
a n n u a l  report. 

, 

$ 9  

BINETY-DAY CONTINUOUS INHALATION KWOSURE ! I  

, TO PETROLEUM JP-4 JET FUEL 

P e t r u l e u r n  d e r i v e d  JP-4 was se lec ted  a s  p a r t  of a c o m p a r a t i v e  
series of s t u d i e s  o n  t h e  c h r o n i c  e f f e c t s  of i n h a l e d  h y d r o c a r b o n  
f u e l s .  F o l l o w i n g  t h e  e x p o s u r e  p o r t i o n  of t h i s  s t u d y  a l l  d o g s  and '  

i t y  e f f e c t s  i n  p r i m a r y  t i s s u e s .  
f a r  an a d d i t i o n a l  1 9 ' m o n t h s  A t  w h i c h  t i m e  h a l f  the r e m a i n i n g  
r o d e n t s  were k i l l e d .  T h e  f i n a l  s a c r i f i c e  of r o d e n t s  took plbce , 

a t  2 1  m o n t h s  p o s t e x p o s u r e  ( 2  y e a r s  on s t u d y ) .  E a c h  e x p o s u r e  a n d  
c o n t r o l  g r o u p  of a n i m a l s  c o n s i s t e d  of 75 male a n d  7 5  female 

one t h i r d  of t h e  b o d e n t s  were n e c r o p s i e d  t o  a s s e s s  c h r o n i c  t o x i c -  *. 

The r e m a i n i n g  r o d e n t s  were h e l d  

I 
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I 

~ F i s c h e r  344 r a t s ,  150 f e m a l e  C57BL/6  mice, a n d  6 purc+k!red b e a g l e  
d o g s  e q u a l l y ,  d i v i d e d  b y  s e x .  

I n f o r m a t i o n  o . n , t h e  e x p e T i r n C n t a i  p ro tocol ,  m e t h o d o l o g y  of 
i n l h a l n t i o n  e x p o s u r e ,  a n d  c l i n i c a l  d a t a  o b t a i n e d  d u r i n g  t h e  9 0 - d a y  
e x p o s u r e  phase was g i v e n  i n  a p r e v i o u s  a n n u a l .  repcirt (XlacEwen a n d  
Verhot ,  1980).  C l i n i c a l  o b s e r v a t i o n s  . d u r i n $  the ,  p o s t e x p o s u r e  
o b s e r v a t i o n  ' pe r iod  a n d  h i s t o p a t h o l o g i c  e v a l u a t i o n  of t h e  e x p o s e d  
a n i m a l s  n e c r o p s i e d  a t  t h e  e n d  of t h e  90-day e x p o s u r e  p h a s e  weye  
p r e , S e n t e d  i n  a l a t e r  a n n u a l  report (MhcEwen a n d  V e r n o t ,  1984) .  

I .  i 
I 1  I , *  , , ,  

f The e x a m i n a t i o n  of t i s s u e  from t h e  a n i m a l s  t h a t  d i e d  d u r i n g  , 
, t h e  p o s t e x p o s u r e  o b s e r v a t i o n  p e r i o d  OT were k i ' l l e d  a t  s t u d y  ter-  

m i n a t i o n  1 s  n o t  y e t  complete  a n d  w i l l  be  k l i s c u s s e d  i n  ,a f u t u r e  ' )  i report  . 
' 

3 .  

' I  
. I  

NINETY-DAY CONTINUOUS' IHHALATIOV. E X P ~ S U R E  OF RATS AND MICE 
, .  TO SHALE JP-4 JET FUEL 

I 
T h e  Air F o r c e  h a s  e m b a r k e d - o n  a t e s t  a n d  e v a l u a t i o n  p rpg lam 

t o  e n s u r e  t h e  c o m p a t i b i l i t y  o f  s h a l e  d e r i v e d  t u r b i n e  f u e l s  w i t h  
a i r c r a f t  s y s t e m s  when i n t r o d u c e d  o p e r a t i o n a l l y  a t  1Ai.r F o r c e .  bases 
i n ' l a t e  1983. 

. .  
S h a l e  d e r i v e d  JP-4 i s  i n c l u d e d  i n  t h i s  program.. 

i '  

8.. ' 

I 

S i n c e  t h e  f i r s t  t e s t  f u e l '  s u p p l i e d  by  G e o k i n e t , c s  Corpo- 
r a t i o n  a n d ' t h e  f u e l  t o  be u s e d  l a t e r  i n  t h e  o p e r a t i o n a l  v a l i d a -  
t i o n  p r o g r a m  w i l l 1  be  p r o d u c e d  f r o m  d i f f e r e ' n t  s h a l e  c rudes  a n d  a t  
two d i f f e r e q t  r e f i n e r i e s ,  i t  was d e c i d e d  t o  ,pe r fo rm a c u t e  a n d  
s u b c h r o n i c  t o x i c i t y  s t u d i e s  w i t h  b o t h  f u e l s .  S t u d i e s  performed 
w i t h  t h e  G e o k i n e t l c s  JP-4 tes t  f u e l  was t o  p r o v i d e  t h e  d a t a  base  
f o r  e n v i r o n m e n t a l  , a n d  h e a l t h  a s s e s s m e n t s  a t  t h e  f i r s t  o p e r a t i o n a l  
base a n d  allow c o m p a r i s o n  of s o u r c e  v a r i a b i l i t y  o n  b i o a s s a y  re- 
s u l t s .  L o n g e r  'term o n c o g e n i c  s t u d i e s  w i L l  be c o n d u c t e d ' o n  t h e  
o p e r a t i o n a l  v a l i d a t i o n  f u e l  t o  assess t h e  chrc?ic t o x i c i t y  and 
t h e  c a r c i n o g e n i c  p r o p e r t i e s  of a f u e l  d e r i v e c c  a n d  p r o c e s s e d  d i f -  
f e r e n t l y  from e x i s t i n g  a i r c r a f t  h y d r o c a r b o n  f u e l s .  

P r e v i o u s  s t u d i e s  of . h y d r o c a r b o n  f u e l s  h a v e  s h o w n  h i s t o p a t h o -  
l o g i c  c h , a n g e s  i n  t h e  k i d n e y s  of male rats a t  e x p o s u r ' e  t e r m i n a t ' o n  
( M a c E w e n ' a n d  V e r n o t ,  1978, 1981). Due t o  t h e  s i m l r l a r i t y  of t h e  
fr;els, f t  w a s  h i g h l y  l i k e l y  t h a t  r e n a l  d a m a g e  w o u l d  r e s u l t  i n  
male r a t s  e x p o s e d  t o  S h a l e  J P - 4 .  I n  o r d e r  t o  f u r t h e r  e v a l u a t e  
t h i s  r e n a l  t o x i c i t y ,  r o u t . i n e  u r i n a l y s i s  a n d  se rka l  % ' , L r i f i c e s  cf 
male r a t s  f o r  t i s s u e .  e x a m i n a t i o n  were i n c l u d e ' d  i n  this s t u d y .  
S a m p l i n g  . i n  t h i s  mancer w o u l d  al low fDr m i c r o s c o p i c , e v a l u a t i o n  of 
k i d n e y  t i s s u e  a l t e r a t i o n s  p r i o r  t o  t h e  o n s e t  o f , c h r o n i c  n e p h r o -  
p a t h y  common t o  o l d e r  ra t s .  
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T h i s  s t u d y  w a s  d e s i g n e d  to, determine t h e  t o x i c  e f f e c t s  of a 
,90-day c o n t i n u o u s  e x p o s u r e  3f r a t s  a:?d mice t o  Shale d e r i v e d  JP -4  
v a p o r  f o r  corpar i son  w i t h  t h e  p r e v i o u s  GO-dag ? e , t r o l e u m  JP-4 

, s t u d y  ( ,MacEwen;and ' J e c n o t , ,  1980).  The  c o n d ? ' P j , o n s  were sele 'c ted , 
to' c .onform w . i t h  t h e  , o t h e r  fuel s t u h i e s ,  conduc ,ced  i n  t h e  T H R U  
l a b o q a t o r y  . . 

T h e  J P - 4  Sha le  f u e l  u s e d  was a comp.iex m i x t u r e '  of a l i p h a t i c  
a n d  aromatic h y d r o c a r b o n  compounds i n c l u d i n g  v a r i o u s  a d d i t i v e s .  
M i n o r  r e v i s i o n s  from P e t r o l e u m  JP-4 m i l i t a r y  s p e c i f i c a t i o n s  were 

, 

made t o  t h e  p r o c u r e m e n t  s p e c i f i c a t i o n  r e q u i r r m n t s .  n e s e  t i r e : . '  . . .  . ,  
r ,, , I ,  . I  8 I 

4 .  

I )  

Aromatic c o n t e n t  ( m i n )  - d% ( b y  v o l u m e )  , 

N i t r o g e n  (max) -- 20 ppm by w e i g h t  , I  

' 
Mice a n d l r a t s  were e x p o s e d  to  500 m g / m 3  a n d  1000 mg/m3. S h a l e  

' JP-4 v a p o r  on a c q n t i n u o u s  basis for 90 d a y s .  For t h 2 s c  p u r -  , 
p o s e s ,  t w o  Thomas D o m e  c h a m b e r s  were u t i l i z e d .  Sham 2 x p o s e d  
c o n t r o l s  were m a i n t a i n e d  i n  'a s e p a r a t e  b u t 3 i d e n t i c a l  c h a m b e r .  
E a c h  chamber h o u s e d  95,,male a n d  7 5 <  female F i s s n e r  344 r a t s  a n d  

' fl 100 .male a n d  100 f e m a l e '  CS7BL/6 m i c e .  

~ T h e  k x p o s u r e s  o f . r a t s  a n d  mice b e g a n  i n I D e c e m b e r  1983 a n d  
t e r m i n a t e d  i n  March 1 9 8 4 .  
e x L , s u r e ,  15 r a t s  a n d  25 mice o f  each s e x  w e r r  k i l l e d  a n d  t i s s u e  I 

c o l l e c t e d  for e x a m i n a t i o n .  
(io male r a t s  per g r o u p )  a t  3 weeks; 2 m o n t h s ,  a n d  9 m o n t h s  p o s t -  

2 4 t h  month  of . t h e  s t u d y  (December  .19.85). ' 

Fo1lo ;v ing  c 3 m p l e t i o n  of t h e  90-day 

A d d i t i o n a l  s a m p l i n g s  were c o n d u c t e d  

e x p o c u r e . '  A l l  r e m a i n i n g  a n i m a l s  w i l l  be n e c r o p s i e d  d u r i n g '  the ' ,  

A t  each of -the i n t e r i m  s a c r i f i c e  p e r i o d s , ,  blood a n d  u r i n e  
s a m p l e s  were a l s o  c o l l e c t e d  from the r a t s  f o r  e x a m i n a t i o n .  Rat 
organ w e i g h t s  were measured a t  e x p o s u r e '  t e r m i n a t i o n  a n d , a t  9 
m o n t h s  p o s t e x p o s u r e ,  Body w e i g h t s  of t h e  ra ts  a n d  mice were 
r o u t i n e l y  m e a s u r e d  ' d u r i n g ;  t h e  c o u r s e  of t h e ,  e x p o s u r e  a n d  a r e  a l s o  
b e i n g  followed p o s t e x p o s u r e .  ' 

. . ,.\. 
' 

. . ,  , 
5 

I 

, I  I o  T h e  l a s t  a n n u a l  rep'ort (MccEwen a n d ' v e r n o t ,  1984), d e t a i l s  .' ' 
t h e  e x p e r i m e n t a l  p r o t o c o l  for t h e  90-day i n h a l a t i o n  expos ,u re  of 
ra ts  a n d  mice t o  S h a l e  d e r i v e d  JP-4 f u e l  a n d  g i v e g  r e s u l t s  o f .  
e x p o s u r e  e f f e c t s  on u r i n e ,  b l o o d ,  a n d  o r g a n  w e i g h t s  of a n i m a l s  
k i l l e d  a t  e x p o s u r e  t e r m i n a t i o n  a n d  a t '  2 .weeks p o s t e x p o s u r e .  

. .  

Results L 

Mean body w e i g h ' t s  f o r  t h e  r a t  g r o u p s  o b t a i n e d  o n  a b i w e e k l y  
s c h e d u l e  t h r o u g h  90 d a y s  of e x p o s u r e  a n d  m o n t h l y  t h e r e a f t e r  a r e  
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/ , I '  

I 
I 

4 shown i n  T a b l e s  26 a n d  27. T h e  S h a l e  JB-4 e x p o s e d  male r a t s , ' s h o w  
a d o s e - r e l a t e d  d e p r e s s i o n  i n  w e i g h t  w h i c h  ' b e g a n  a t  t h e  f i r s t  
e x p o s u r e  w e i g h i n g  a n d  c o n t i n u e s  t o  d a t e .  
t h e  S h a l e  JP-4 e x p o s e d  fernale ra ts  d i d  n o t  become s i g n i f i c a n t  
u n t i l  t h e  e n d  o f  t h e  90-day e x p o s u r e  a n d  t h e  d i f f e r e n c e  w a s  n o t  
d o s e - r e l a t e d .  I 

~ 

W e i g h t  d e p r e s s i o n  i n  

1 

, 8 % .  

, .  
I .  

TABLE 2fi. BODY V E I G H T S ~  OF XALE FISCHER 344 RATS 
! ,  ' EXPOSED ,TO SHALE JP-4 FOR 9,0 ,DAYS ! ) < . .  

/.' , 

I 
I 

We i g h  i ng 
Ps r i od C o n t r o l  I 500 m g / m 3  1 1000 mg/n3 

E xgos  u r e  

' 0 D a y s  t 211 2 LO 
2 Weeks 248 f 1.0 
4 Weeks 271 f 2.0 
6 Weeks 2>82 f 2.0 ' 

8 Weeks 298 f 2.0 
10 Weeks 308 f 2.0 
12 Weeks 317 f 2.0 

210 f 1.0 
242 f"1.Ob 
266 f l.Ob b 
274 f 2.0 ' 

292 f 2.0b 
306 h 2.0' 
316 f 2.0 

' 210 2 2.0 
238 f l.Ob 
256 f 1 . O b  
271 k 2.0b ' 
288 f '2.0bs 
302 k 2).Ob 
307 f 2.0b 

. .  pos t  e x p o s u r e  . f  

1 .  

. I .  

I . 
:/ 2 Weeks ,329 2 2.0 324'2 2.0b 320 't 2.Ob b 

341.2 2.0 , 
b '  350 ,+ 2.0 347, f 2.0 

2 ' H o n t h s  372 _+ 3.0 366' ,+ 3.0 b 363 _+-2.0b 
1 Month 

3 Months 392 5 3.a 387 4 3.0b 8 383.f 3.0b 
' 4 M o n t h s  41Q. 2 3.0 404, 2 3.0b 402 +'3.0b 

405 f 4.0b 
b 416 $ 3.0 

5 Months 
6 Months  

8 Months  448 ,f S.'O 439 .f 3.0b 433 ,Z 3-."b 

418 f 3.0 ' 411 f 3-Ob 
422 f 3.0 b 426 3.0 

' , 7 b b n t h s  445 f 3.0 

iv 

I 438,-f 3.0b 433 f L O b  

. I  9 Months , 454 f 4.0 446 f 4.0b 440 * L O b  b 
,439 ,+ 3..0 

' 455 2 4.0 . ,  444'2. 3.Ob b '  h 436 2 4.0 
1 0  Months  

I .  

11 W n t h s  455 2 4.0 445 2 4.0 I 

a Maan ( g r a m s )  f SE. , *  
D i f f e r e n t  f r o m . c o n t r o 1 ,  p < 0.01. ' D i f f e r e n t  f rom c o n t r o l ,  p < 0.05. 

' 
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TABLE 27. BODY W E I G H T S ~  O F  FEMALE FISCHEK 344 RATS 
1 

' ,  
EXPOSED TO Si-IALE JP-4 FOR 90 DAYS 

We i gh i n g 
P e r i o d  

E x p o s u r e  

0 Days 
2 Weeks 
4 Weeks 

8 Weeks  
10 Weeks 
12 Weeks 

; 6 Weeks- 

C o n t r o l  

137 ,+ 1.0 
156 f 1.0 
162 f 1.0 
167 2 1.0 
174 t 1.0 
177 f 1.0 
177 f 1.0 I 

500 mg/m3 ' 

133 l.Ob 
155 f 1.0 
162 f 1.0 
163 2 1 .Ob 
172 f' 1.0 
176 f 1 .O 
177 f 1.4 

, 

. ,  

P o s t e x p o s u r e  

2 Weeks  
1 Month ,  
2 M o n t h s  
3 M o n t h s  
4 M o n t h s  
5 M o n t h s  
6 M o n t h s  
7 Monnths 
8 M o n t h s  
9 M o n t h s  

10 M o n t h s  , 

11 Mbnths 

b 
191 2 1.0 b 
197 2 4.0; 

f 190 5 1.0 , 185 2 1.0 
198 f 1.0 
2051 f 1.0 
211 f 1.0 , 204 f 1.0 

221 It 2.0 
224 f 2.0 217 f l.Ob 
236 f 2.0 ' 8228 2.0b 

246 f 3.0 237 f 2.0b 

217 f'1.0 210 'f, 1.Ob 
212 f 1.0b 

237 f 2.0 

249 f 3.0 
247 f 3.0 

229 f 2.0b 

238 ,+ 2.0b 
238 f 2.0b 

1000 mg/m3 

136 2 1.0 
b 152 f 1.0 I 

' 165 2 1.0' 
171 f l . O b  
174 f 1.0 
175 f 1.0 

I 

b 186 i 1.0 
* 190 2 L o b  
199 2 &Ob 

211 2 L O ' b  

220 f 2.0b 
23i 2.0~ I 

231 f12.Ob 

206 f l.Obl 

215 f l.Ob' 

240 f 2.0b 
b 244 ,+ 3.0 
b 243 ,+ 3.0 

a Mean ' ( g r a m s )  ,+ SE. 
D i f f e r e n t  from c o n t r o l ,  p e 0.01. 

Blood v a l u e s  from malo r a t s  s a c r i f i c e d  a: 2 m o n t h s  p c s t e x p o -  
s u r e  a n d  from male a n d  f e m a l e  r a t s  s a c r i f i c e d  at 9 m o n t h s  p o s t - ,  5 

' e x p o s u r e  %re  s u m m a r i z e d  i n  T a b l e s  28, 29, a n d  30, r e s p e c t i v e l y .  
Blood v a l u e s  d e t e r m i n e d  i n  t h e  male ra ts  ' saCrif , iced a t  2 m o n t h s  
p o s t e x p o s u r e  a , l I  a r e  w i t h i n  n o r m a l  l i m i t s  f o r  F i s c h e r  344 male 
r a t s .  

I 

, .  

T h e  b l o o d  v a l u e s  from b o t h  male a n d  female r a t s  appear t o  be  , 

w i t h i n  .1urmal p a r a m e t e r s .  A l t h o u . g h  s t a t i s t i c a l l y  s i g n i f i c a n t  

,cal l i m i t s .  
I I ' d i f . f e r e n c e s  a re  n o t e d ,  t h e  v a r i a t i o n s  ,are  w i t h i n  n o r m a l  biologi- 
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TABLE 28. MALE FISCHER 344 RAT BLOOD P A R A M E T E H S ~  2 MONTHS 

AFTER 90-DAY EXPOSURE TO SHALE DERIVED JP-4 VAPORS 

WBC (x103 cel ls / rnm3) 
,RBC (x106 c e l l s / m m 3 )  , 
HGB (gm/dl )  
HCT (& )  
M C V  urn3') 

MCHC (gm'/d 1)' 
BUN (mg/d l )  
C r e a  t i n i n'e ( mg /d d ) 

YCH (PI31 , I  

C o n t r o l  

5.9 f 0.3 
8.40 f 0.21 
15.4 f 0.4 
42.1 ,+ 1.0 

18.3 f 0.1 
36.6 ,+ 0.2 
18.7 ,+ 1.2 

50.2 2 0.2 

0.6 f 0.03 

500 rng/m3 

,5.9 f 0.3 
8.33 * 0.l9 

.15. '2 ,+ 0.3  
41.6 f 1.0 

' 50.5 '+ 0 . 2  
1822 f 0.1 

' 36,5 f 0.3 
20.0 f 0.3 
0.6 f 0.03 

1000 m g j r n 3  

5.5 * 0 . 2  
3.20 f 0.20 

, 15.0 f 0.'3 
40.7 f 1.0 ,I 

49.7 f 0.1 ' 
18.3 ,+ 0.1 
36 :8 f 0 . 3  
18.5 2 0.61 

0 .5  It 0.03 

a Mean k SE; N = 10. 

~ T A B ~ E  29,: MALE'FISCHER 344 RAT'BLOOD PARA METERS^ 9 MONTHS 
AFTER EXPOSURE TO SHALE DERIVED JP-4 VAPORS FOR 9 0  D A Y S  

Controlb 
. b  

WBC ( x l Q 3  ce , l l s / rnh3)  7.4 f 0.5 
RBC (x106 cel ls- /mm3) 
HGB ( e / d l )  16.0 i 0.2 
HCT ( % )  44.9 f 0.7 

48.9 f 0.3  M C Y  ( w 3 )  
MCH ( p g >  
MCHC ( g / d l )  ,35 .6 ' f  0.3 
Glucose  (mg/d l )  196 ,+ 17 
Tot. Pro, ( g / d l )  , 7.2 0 . i  
Albumin ( g / d l )  1.0 2 0.0 

BUN (mg/dl) 20.1 f 0.8 

Calcium (rng/dl)  ' 1 1 . 2  f 0.2 

9.17 ,+ 0.14 

17.4 f 0.2 . 

i. 

, i  

G l o b u l i n  ( g / d l )  ' 16.2 2 0.1 . 
A/G Ratio ' 0 . 1 5 7 . i  0.001 

, C r e a t i n i n e  (mg/d l )  0.70 f 0.04 

SCOT ( I U / L )  , 150 f 14 
SGPT ( I U / L )  8 4  f 4 
A l k .  Phos.  ( I U / L )  114 f 7 
B i  1 i rubin  (mg /d 1) 9.12 * 0.01 

1, 

\ .  

' a Mean. S E ,  N . =  10. 4 

D i f f e r e n t  from c o n t r o l ,  3 c 0.05. 
' D i f f e r e n t  frcm c o n t r o i ,  'p c 0.01. 

b N = 9 i n  c o n t r o l  group.  
I 

. I  

I 

7.2' f. 0.3 
9.21 2 0.2 
16.1 k 0.4 
45.4 f 1.0 , 
49.3 f 0.2 
17:5 f: 0.1 
35.5 * 0.2' 

224 f 26 , 

1.0 ,+ 0.0 
6.0 f 0.1 

0.160 ,f 0.002 
187 .6 f 0 .,5 
0.74 ,+ 0.05 
10.9 f 0.1 ' 
115 f gd ' 

68 f 4c 
98 f 5 

7.0 f $0.1 

O.lO,* 0.0 , 

1000 m g j m 3  I 

,7 .8 
9.14 
16.2 
45.6 
49.9 
17.7 
35.4 

' 254 
7.1 
1 .o 
6 .I 

0,157' 
17.5 
0.7G 

' 11.3 
112 

b 65 
92 

0.11 

f 0 . 4  
2 0.1. 
f 0.3 
f 0.9 

f 0.1 * 0.2' 
2 23 , 
- + 0.1 
- + 0.0 

,+ 0.004 

- + 0.02. * 0.2  
+ gd 

f 0.4d 

- + 0.1 

f 0:c , 

; 5d 
f .5d 
f 0.01 

73  

77 



\. . .  
. .  . 

TABLE 30. FEMALE FISCHER 344 RAT BLOOD P A R A M E T E H S ~  9 MONTHS 
AFTER EXPOSURE TO SHALE DERIVED JP-4 VAPORS FOR 90 DAYS 

WBC (x103 cel l.s/mm3) 
RBC ( x 1 0 6  cells/'mm3) 

HCT ( % )  
I HGB (g/dl) 

MCV ( u r n 3 >  

MCHC (gjdl) 
Glucose (mg/dl) 
Tot,. Pro.' (g/dl) 

Globulin ( g / d  1 j 

B U N  (mg/dl) 

(Pg) 

8 Albumin ( g / d I )  

' A/G Ratio 

' Creatinine (mg/dl) 

4 . 1  f 0.3 
7.34 2 0.29 
15.7 ;t 0.3 
39.3 2 1.6 
53.5 f 0.2 

' 21.7 4 1.0 
"40.5 f ' 1'.8 

1 3 2  17 
8 . 3 9 , k  0.06 
1.18 ,+ 0.01 
7.20 3 0.06 

' 0.164 ,+ 0.001 
21.7 2 1.0 
0.76 f 0.03 

4 . 2  3 0.2 
8.09 f 0.13 b 

, 16.1 0.2 
43.6 2 0.7 
53.9 f 0.1 
19.9 2 0.1 
36.9 ' f  '0.3 ' 

209 f 14 
8.14 f 0.11 

6.98 2 0.09 
0.165 2 0.002 
19.9 2 0.7 

' 1.15 f 0.02' 

0 .74  ,+ 0.02 

4.2 f 0.3 ' 
7.98 f 0.14 
16.0 f ' 0 .2  
4 2 . 9  ,C 0.8 

153.8 f 0.1 
20.0 f 0.2 

I '  37.3 f 0.3 
248 P 20' 

7.99 f 0 . d  
1.11 f v.02b 
6.38 f 0.12 
0.161 ,+ 0.002 
22.7 ,+ 1.0 
0.65 ? 0.02b 

Calcium (rng/dl) 11.,8 '2 0.1 11.5 2 0.1 11.1 2 O . Z C  
SGOT ( I U / L )  , . 87 2 3.0 87 f 5.0 80 f 3.0 

Alk. Phos. ( I U / L )  93 ,+ 7.0 ' 86 f 5.0 8 4  2 5.0 
' Bilirubin (rhg/Ul) 0.17 f 0.02 0.18 f 0.02 0.17 f 0.02, 

' SGPT ( I U / L )  8 55 f 3.0 5 4  ,c 2.0 55 ,+ 2.0 

1 ,  

a M a n  2 SE (N). 
, Di'iferent from control, p < # 0 . 0 5 .  

I . (  

' N - 8 .  0 

, , 

$respectively: No significant differences were noted in any of 

A 'summary ,of the organ weights oIf rdale and female rats sac- 
rificed cat'9 months postexposure is 

the measured parameters In either sex of rats. Significant dlf- 
ference? i n  +'-e male kidney and  liver weights previously seen at 
t h e  sacrifice ifimediately following the 90-day exposure are no 
longer evident. 

given in Tables 31 and 32, 

1 ,  

Values from urine,samples collected from the male rats at 
' the 2 and 9-month pos texposure  sacrifices were statistically 
analyzed f o r  differences i n  osmulality and pH. A significant . 
decrease in osmolality was seen in both t e s t  g r o u p s  at each exam- 
ination period - ien compared to the control values {Table 3 3 ) .  
This is consistent yith effects seen at exposure ltermination and 
at the 2-week interim sacrifice periods. No consistent pH dif- 
ferences were noted among t h e  groups as, shown In Table 34. 
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TABLE 31. BODY AND ORGAN WEIGHTS O F  MALE FISCHER 344 
RATSa EXPOSED TO SHALE JP-4 VAPORS FOR 90 D A Y S ;  

9 MONTHS POSTEXPOSURE 

T r e a t m e n t  ' Mean W e i g h t  i n  Grams %'of Body W e i g h t  
G r o u p  Body S p l e e n  Ll ive , r  K i d n e y  S p l e e n  L i v e r  K i d n e y  

C o n t r o l  438 0.73 11.90 3 .12 .  0.17 2.72 0.71 I 

1000 m g / m 3  424 03.77$ 11.87 3.18 0.18 2;81 0.75 
500 mg/rn3 434 0.78 12.04 3.17 0.18 2.77 0.73 

. .. 

. I  .. . 
0 4  I . , ,  

I ., , I ' I  

I .  

1 ) I  a N = 10. 
. '  

I (  

TABLE 32. BODY AND ORGAN WEIGHTS O F  FEM'LE FI$CHER 344 
RATS' EXPOSED TO SHALE 'JP-'4 ,VAPORS FOR I .  

90 DAYS; '  9 MONTH'S POSTEXPOSURE ' 

Treatment , Mean, W e i g h t  i n  Grams X of Body Weight 
G r o u p  Body S p l e e n  L i v e r  K i d n e y  S p l e e n  L i v e r  K i d n e y  

C o n t r o l  ' 235 0 . 5 1 ,  6.20 1.80 0.22 2.65 0.77 

1000 m g / m 3  232 0.51 6.13 1.74 0.22 2.66 0.75 
500 rng/rn3 227 ' 0 .52  6 . 1 4  1.80 0.23 2.71 0.79 

TABLE 33. URINARY OSHOLALITY VALUES OF MALE FISCHER 344 RATS 
. EXPOSED'TO SHALE JP-4 VAPORS 

I '  

Treatment  osmo 1 a 1 i t y a 
m g / m 3  0 Days 90 Days 2 Wks Post 2 MOS ,Post  9 MOS Post 

Control 1497 f 100 1197 f 109 1944 f 206 ,2030 i 125 1395 'f 129 

1000 ' 1645 , A  208 785 f 69' 1126 i 59' 1 2 4 9 ,  k 77' 935 2 110' 
SUO 1877 2 174  882 f 93b 1129 f 91' 1238 f: 91' 961 f 81' 

a &an f SE (expresced a s  m l l l l s m o l s / l l t e r ) ,  N * 10. 
Different  from cen t ro l ,  p < 0.05. 
D i f f e r e n t  from control, p i 0.01. 
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TABLE 34. URINARY pH VALUES OF MALE FISCHEH 3 4 4  RATS, , 
EXPOSEd TO .SHALE JP-4 VAPORS 

T r e a t m e n t  PH value4  
mg /m3 0 D a y s  90 D a y s  2 Wks Post 2 hos P o s t  9 Mas P o s t  

Cont ro l  7.30 t 0.15 6.75 5 0.13 6.55 2 0.05 8.30 2 0.81 6.8 r 0.10 
500 7.35 t 0.15 6.95 2 0.16 6.70 t 0 , l i  8.10 2 0.15 7 .2  2 O.lOc 
1000 7.60 2 0.15 7.05 f 0.16 6.85 2 O.OBb , 8 . 4 5  t 0 . 5 0  6.9 5 0 . 2 0 ,  

. ,  , . I  
, I  , I  

a Mean, f SE, N = 10. 
D i f f e r e n t  Krom ,control,  p < 0.05. 
Different from, c o n t r o l ,  p < 0.01. ~ , I  

1 .  

8 .  

This s t u d y  is s c h e d u l e d ,  f o r  t e r r n i . n a . t i o n ,  i n  D e c e m b e r  1985. 
S u b s e q u e n t .  a n n u a l  report? w i l l  c o n t a i n  a d d i t i o n a l  e x p e r i m e n t a l  

' d a t a  as  t h e y  become a v a i l a b l e .  

'A),, 
. j,,p iN' 

PUUIOF?AEIY YIsCHAkICS, DYNAMICS, AND GAS WCHANGE IN YALE'RATS 
, 

- e +  
' 

WITH B. ~ H Y S E Y A ,  FIBROSIS OR P N ~ U M O N I A  COWAFED 
6' y4% -:\,+'5., L",'.'* . 

.?t, s, '. b 
' 

TlTH,'RATS EXPOSED TO SHALE JP-4 PUEL 
, 

A s , p a r t  of t h e  testing d e s i g n f ? d  t o  e v a l u a t e  t h e , e f f e c t s  of 
.gO-day  c o n t i n u o u s  e x p o s u r e '  t o  %.,ale d e r i v e d  JP--4 j e t  f u e l .  yulmo- 
nary f u n c t i o n  parameters were e v a l u a t e d  , i n  male r a t s  , i m m e d i a t e l y  , 

a f t e r  87 d a y s  c o n t i n u o u s  e x p o s u r e  t o  S h a l e  JP -4 .  . P a p a i n  a,nd 
S l e o m y c i n  were i n s t i l l e d  i n t o  tile l u n g s  o f  male r a t s  50 i n d u c e  
emphysema  and f i b r o s i s ,  r e s p e c t i v e l y , . '  T h e s e  g r o u p s ,  a l o n g  w i t h  
one f o u n d  t o  h a v e  v i , r a l  p n e u m o n i a  on r e c e i p t ,  were also t e s t e d  t o  

, p r o v i d e  p o s i t i v e  controls for t h e  Shile' JP-4 g r o u p  a n d  t o  e v a l u -  
a t e  t h e  s e n s i t i v i t y  a n d  p a t t e r n  of r e s p o n s e  of t h e  p u h o n a r y  
t u n c t i o n  tes ts  i n  c h a r a c t e r i z i n g  t h e s e  d i s e a s e s .  

* I  

' Y E p O D S  
I .  .. 

Plethysmograph Sy 8 tern 

A l l  p u l m o n a r y  f u n c t i o n  m e a s u r e m e n t s  were made w i t h  a seni- 
a u t o m a t e d ,  c o n s t a n t '  p r e s s u r e '  p l e t h y s m o g r a p h  ( F i g u r e  2) w h i c h  'was 
c o n s t r u c t e d  from a c r y l i c  p l a s t i c  ( 2 5 . 4  c m  long, 6 . 3  crn ID) and 
c o n t a i n e d  a r e m o v a b l e  h c  n i c y l i n d r i c a l  a c r y l i c  s h e l f  u p o n  w h i c h  
t h e  i n t u b a t e d . a n i r n a l s  were p laced .  A s y s t e m  of straigh t - t h r o u g h ?  

. 3/8" diameter ,  c o m p u t e r  ' c o n t r o l . l e d  ( H e w l e t t  P a c k a r d  98458)  so.L,e- 
n o i d  v a l v e s  ( V a l v e s  ,1-7 i n  F i g u r e  2 ,  VACOA,  Bohemia,'New Y o r k )  

1 ,  . .  
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meamvain 

Figure 2. C o m p u t e r i z e d ,  s e m i a u t o m a t e d  p l e t h y s m o g r n p h  s y s t e m  for 

b u t l o n ,  and gas  e x c h a n g e  i n  rats. 
' ' *  I m e a s u r i n g  p u l m o n a r y  m e c h a n i c s ,  d y n a m i c s ,  gas d l s t r i -  , 

I .  

I 

1 a n d  b i d i r e c t i o n a l  valves ( V a l v e s  8-io; S k i n n e r ,  New B r i t a i n ,  1 

C o n n e c t i c u t )  c o n n e c t e d  t o  t h e  t r a c h e a l  t ' u b e  m a n i f o l d  a l lowed 

H a l o t h a n e - 9 6 %  o x y g e n ,  m i , x t u r e  for c o n t i n u e d  a n e s t h e s i a ;  , (  2) a 
r e s p i r a t o r  (Harvard '680, Mills, M a s s a c h u s e t t s )  for h y p e r v e n t i l a -  
t i c c ;  ( 3 )  p o s i t i v e  or n e g a t i v e 0  p r e s s u r e  r e s e r v o i r s  for f o r c e d  

m i x t u r e  i n s e r t i o n  a n d  w i t h d r a w a l  a n d  a 'mass spectrometer p r o b e  
(Balzers  QMC511, H u d s o n ,  N e w  Hampshire). 
e r v o i r s  were r e g u l a t e d  ( F a i r c h i l d ,  W i n s t o n - - S a l e m ,  N o r t h  Carolina) 
' a t  +30 a n d .  -30 c m '  R z O ,  r e s p e c t i v e l y .  

I 

I . ,  

, s w i t d h i n g  of t h e ' t u b e  t o :  (I) a f l o w - b y  s y s t e m 1  c o n t a i n i n g  a 4%. 

# - 
m a n e u v e r s ;  ( 4 )  a po r t  for carbon m o n o x i d e  (Cl80) d i f f u s i o n  g a s  , , .  ~ . 3 -  

T h e  2OmL p r e s s u r e  res- 

F l o w ' r a t e s  were c a l c u l a t e d  

1 

J 

by m e a s u r i n g  t h e  p r e s s u r e  d r o p  ( V a l i d y n e  MP45 ,C 2.25 c m  H z 0 )  

L 

.' 
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I across 8 l a y e r s  of 400 m e s h  s t a i h l e s s  s t e e l  screen (1.7 cm i n  
diameter).  Velum was o b t a i n e d  by c o m p u t e r  i n t e g r a t i o n .  The 

a n d  V i n e g a r ,  1979)  a n d  t h e  c o n s t r u c t i o n  a l te red  ( S i n n e , t t  e t  a l . ,  
1981) u n t i l  t h e  g a i n  ,of ":le p l e t h y s m o g r a p h  was f l a t  t o  50 Hz. 

' f r e q u e n c y  r s s p c n s e  o f  t h e  p J e t h y s m o g r z p h  was e v s l u a t e d  ( J a c k s Q n  

I 

A n i m a l  FreparaFion I 

F i s c h e r  , 3 4 4  male r a t s  ( C h a r l e s  R i v e r ) ,  175-225 g., were used. :  
Q u a l i t y  c o n t r o l  e x a m i n a t i o n ?  d u r i n g  t h e ' q u a r a n t i n e  p e r i o d  + n c l u d -  
i n g  b a c t e r i o l o g y ,  g r o s s  a n d  h i s t o p a t h o l o g y ,  showed t h e  a n i m a l s  
were i n  'geod h e a l t h .  ' The ' a n f m a l s  h8d f d o d  , ( P U r i n a  F d r m u l a b  ' I ' 

# 5 0 0 8 )  a n d  s o f t e n e d  water ( < 1 7  ppm calcium c a r b c n a t e )  a d  ' ', 

l i b i t u m .  .ASter  a n e s t h e t i z a t i o n  f o r  5 m i n u t e s .  i n  t h e  H a l o t h a n e -  , 
, o x y g e n  i n d u c t i o n  chamber, t h e  r a t  was i n t u b a t e d  ( N i c h o l s o n  a n d  

K i n k e a d ,  1982) u s i n g  a m o d i f i e d  1 4  g a u g e  i n t r a v e n o u s  c a t h e t e r  
( M a u d e r l y ,  19'75).. T h e  ra t 'was  t h e n  p l a c e d  o n  t h e ' h e m i c y l i n d r i c a l  
s h e l f  a n d  t h e  I n t u b a t i o n  t u b e  a t t a c h e d  t o  t h e  m a n i f o l d .  A 
s h o r t e n e d  i n f a n t  f e e d i n g  t u b e  ( 5  F r e n c h )  was t h e n  i n s e r t e d  t o  
m e a s u r e ,  e s o p h a g e a l  p r e s s u r e  ( C e n t u r y  T e c h n o l o g y ,  CP-01-DP, 
I n g l e w o o h ,  C a l i f o r n i a )  a s ' . a n '  e s t i m a t e  o f  i n t e r p l e u r a l  p r e s s u r e .  
T r a n s p u l m o n a r y  p r e s s u r e  (PTP)  was m e a s u r e d  w i t h  t h e  r e f e r e n c e  
s i d e  o f  t h e  e ' s o p h a g e a L p r e . s s u r e  t r a n s d u c e r  c o n n e c t e d  t o  t h e  
'airway w i t h  a s e c o n d  water f i l l e d  c a t h e t e r .  The e s o p h a g e a l  
c a t h e t e r  w a s  p o s i t i o n e d  w i t h i n  t h e  e s o p h a g u s  t o  m a x i m i z e  t h e ,  PTP 

t 

I s i g n a l .  The d e p t h  of a n e s t h e s i a  was m a i n t a i n k d  by a d j u s t i n g  t h e  . '  
: H a l o t h a n e  c o n c e n t r a t i o n ,  t o  p r o d u c e  a s p o n t a n e o u s  b r e a t h i n g  r a t e  
' o f  60 t,' 5 B/M. The . e n t i r e  p u l m o n q r y  f u n c t i o n  , t e s t i n g  p r o c e d u r e  

took 30 m i n u t e s  t o  p e r f o r m . ,  

Pulmo'nary 3esistance {RL). and C o m p l i a n c e  (Cdyq) 
8. 

To  p r o d u c e  a s t a n d a r d  l u n g  v o l u m e  r e f e r e n c e  p r i o r  t o  e a c h  
' m e a s u r e m e n t ,  t h e  r e s p i r a t i o n  r a t e  w a s  s t a b i l i z e d  a t  60 2 5 B/M 

a n d  t h e n  t h e  r a t  was h l 2 e r v e n t i l a t e a  ( 2  b r e a t h s :  V t  = 6 mL, 
f = 80 B / M ) .  ' After a 5 s e c o n d  p a u s e ,  f l o w  a n d  PTP were s a m p l e d  
a t  100 Hz f o r  10  , s e c o n d s .  Cdyn was, c a l c u l a t e d  (Amdur and Mead, 
1958) 'as t h e  d i f f e r e n c e ' i n  flow i n t e g r a t e d  volume'  d i v i d e d  by t h e ;  
c o n c o m i t a n T  c h a n g e  ' i n  P T P , a t  z e r o  f l o w .  ' R L  w a s  c a J c u l a t e d  as  t h e  
d i f f e r e n c e  i n  PT? d i v i d . e d  by t h e  concomitant  d i f f e r e n c e  i n  f l o w  
a t  p o i n t s  o f  e q u a l . v o l u m e . 8  + T h e  RL,  C d y n ,  a n d  t i d a l  v o l u m e  ( V T )  
v a l u e s  were a v e r a g e d  o v & r  a l l  b r e a t h s  i n  t h e  10 s e c q n d  d a t a  ac- 
q u i s i t i o n  p e r i , o d .  

1 ,  
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D i f f u s i o n  C a p a c i t y  (DLCO) and  Lung 'Volumes 

A f t e r  a g a i n  s t a b l l i z i n g  t h e  r e ' s p i r a t i o n  rt-::e a t  60  f 5 B / M ,  
t h e  ra't was h y p e r v e n t i l a t e d  f o r  30 s e c o n d s  ( V t  2 6 mL, f = 80 
B / M )  t o  p r o d u c e  a p n e a  a n d  s t a n d a r d i z e  t h e  l u n g  ~;.;Liirne. D u r i n g '  
t h e  a p n e i c  ' p e r i o d ,  t h e  l u n g s  were i n f l a t e d  t c  ,?'W .. 25 c m  K 2 0  
u s i r i g  a s y r i n g e  a t t a c h e d  t o  t h e  t r a c h e a l  t u b ' e  fis;i?+f:,:ld a n d  cor - .  
t a i n i n g  0.5% C180; 0.5% He, b a l a n c e  a i r .  Tha 1 ~ ~ ~ : ~ s  were h e l d  
i n f l a t e d  f o r  6 seconds a'nd t h e n  d e f l a t e d  t o  rs:"Zwi'1 voiume ' ( R V )  
d e f , i n e d  a s  ;the , l u n g  v , o l u p e  at PTP = -25 ~m H21::;. 
i n d  C i a o  c o n c e n t r a t i o n s  were m e a s u r e d  t h r o u g h '  t t e  e x t i r e  man'euver 
u s i n g  t h e  mass s p e c t r o m e t e r .  DLCO ( T a k e z a w a  e t  a l . ,  1980 a n d  

t o r y  r e s e r v e  volume ( A E R V )  a n d  r e s i d u a l .  vo lume ( R V )  were 
c a l c u l a t e d . ,  

PTF ,  f low, '  , H e ,  

' G r a h a m  et, a l . ,  1981), t o t a l  l u n g  C a p a ' c i t y  ( T L C ) ,  a p n e i c  e x , p i r a - -  

.Partial  Forced V i t a l  C a p a c i t y  
, .  

A f t e r  s t a b i l i z i n g  a n d  h y p e r v e n t i l a t i n g  t o  p r o d u c e  a p n e a ,  a 
p a r t i a l  f o l l o w e d  i m m e d i a t e l y  by a f u l l  forced v i t a l  c a p a c i t y  
m a n e u v e r  was p e r f o r m e d  ( B o u h u y s ,  1977). T h e  r a t  was s e q u e n c e d  , 

t h r o u g h :  (1) slow i n s p i r a t i o n  ( 3  m L / s e c )  t o  PTP = 10 c m  H20, ( 2 )  
f a s t  e x p i r a t i o n  t o  P I P  = -25 c m  H20, ( 3 )  slow i n s p i r a t i o n  t o  PTP 
= 25  c m  H20, a n d  ( 4 )  f a s t  e x p i r a t i o n  t o  PTP = -25  c m  K2O. T h e s e  
f o r c e d  v i t a l  c a p a c i t i e s  (FVC; b o t h  * p a r t i a l  &nd f u l l )  w e r e ' a d d e d  , 

t o  t h e  p r e v i o u s l y  d e t e r m i n e d  RV a n d  t h e  f o l l o w i n g  parameters we're 
c a l c u l a t e d :  p e a k  e x p i r a t o r y  f l a w  r a t e '  (PEFR) ,  maximum e x p i r a t o r y  
f l o w  r a t e s , a t  80%' TLC (MEFR), d i f f e , r e n c e  i n  f l o w  r a t e s  F.. ' .ween 
t h e  f u l l  a n d  p a r t i a l  m a n u e v e r s  a t  80% T L C . a n d  f o r c e d  e x , .  . ! , 
v o l u m e  i n  0 : l  s e c o n d s  ( F E V . l ) .  

Q u a s i s t a t i c  , C o m p l i a n c e  a n d  Closing Voliune 

After s w i t c h i n g  t o  a 4% h a l o t h a n e  - 96% a i r :  m i x t u r e ,  s t a b i -  
l i z i n g  a n d  h y p e r v e n t ' i l a t i n g  t o  p r o d u c e  a p n e a ,  t h e  f low-by s y s t e m  
w a s  r a p i d l y  r e f l u s h p d '  w i t h  t h e  h a l o t h a n e - o x y g e n  m i x t u r e .  A slow 
i n s p i r a t i o n  was t 'hen made t o  PTP = 25 c m  H z 0  f o l l o w e d  by a s?ow 
e x p i r a t i o n  (1 m L / s e c )  t o  PTP = -25 c m  H z 0 .  PTP, f l c w ,  a n d  N i l  
c o n c e n t r a t i o n s  were s a m p l e d  d u r i n g  t h e  e x p i r a t i o n  m a n e u v e r .  Ti le  
s J o p e  o f  t h e  t r a n s p u l m o n a r y  p r e s ' s u r e - v o l u m e  c u r v e  b e t w e e n  0 a n d  7 
c m  H 2 0  w a s  c a l cu la t ed .  ' I n  a d d i t i o n ,  f r r m  t h e  % N2-volume c u r v e ,  
t h e  s l o p e  of p h a s e  1x1 was c a l c u l a t e d  b;, r e g r e s s i o n  a n d  t h e  c lo s - ,  
i n g  v o l u m e  was m e a s u r e d  a s  t h e  volume st t h e  i n f l e c t i o n  p o i n t  o f  
phase  I V  ( L , i k e n s  a n d  M a u d e r l y ,  , 1 9 8 2 ) .  
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,Emphysema, F i b r o s i s ,  and Pneumonia t 

* I  

To generate emphysema  o r  f i b r o s i s ,  t h e  r a t s  wer,e a n e s t h e -  
t i z e d  w i t h  4% H a l o t h a n e ,  i n t u b a t e d  a n d  o n e  d o s e  of 30 IU/ldO g of 

i n  0.9% s a l i n e  were intratracheally i n s t i l l e d ,  r e s p e c t i v e l y .  
. C o n t r o l  a n i m a l s  were ,doSed w i t h  0.1 m L / l O O  g 0.9% s a l i n e .  A l l  

a n i m a l s  were s t u d i e d  2 weeks after d o s i n g . ,  T h e  p n e u m o n i a  s t u d y  
%as ' p e r f o r m e d  in .a g r o u p  of! r s t s  fouRd  i n f e c t e d  w i t h  rat 

, p a p a i n  ( S i g m a )  i n  0.9% s a i i n e  o r  0.7 X U / l O O  g b l e o m y c i n  ( S i g m a )  

- 
# ' I. I(-. ,:I. . _. _.. .. .*, , -. ,. ., .*.%". ,. - % ~ ,  . - .-?*-''*.'. 

c o r o n a v i r u s .  
I , ,  , I  I ,  , I  I ,  

Ri stopathology 

I n  order t o  p r o v i d e ' r a p i d  f i x a t i o n  a n d  t o  m a i c t a i n  t h e  di- 
m e n s i o n s  a n d  c o n f i g u r a t i o n ' s  o f  t h e  l u n g  t i s s u e  a t  a p p ' r o x . i n a t e 1 y '  
t o t a l  ' l u n g  c a p a c i t y ,  t h e  l u n g s  t a k e n  f,or m i c r o p a t h o l o g i c  e ' x a m i n a -  
t i o n  were f i x e d  w i t h .  formalin for 4 h o u r s  by  a i r w a y  p e r f u s i o n  a t  
a c o n d t a n t  p r ' e s s u r e  of 2 0  em of 'water. 
s e c , t i o n  was embedded i n  p a r a f f i n  b l o c k s  for  s l i d e  p r e p a r a t i o n .  
The l e v e l  of ernphy$erna w a s  q u a n t i t a t e d  by c a l c u l a t i n g  t h e  mean  

' L ' i n e a r  i n t e r c e p t  (Weibel, 1963). 

A complete h , o r i z o n t a L  

. 
I 

I 

Daxa Analys is  
, 

P u l m o n a r y  f u n c t i o n  m e a s u r e m e n t s  were a n a l y z e d  by m u l t i v a r i -  
, a t e  a n a l y s i s  of v a r i a n c e  for repeated m e a s u r e s  ( D i x o n ,  1983) .  

S i g n i f i c a n t  e f f ec t s  were d e f i n e d  a s  F v a l u e s  w i t h  p < 0.05. 

I 

I 

I I RESULTS 

+ Table 35 p r e s e n t s  t h e  r e s u l t s  of t h e  , b a t t e r y  of p u l m o n a r y  

' p a p a i n  or b l e o r n y c i n a t c  prod;,e emphysema  or  f i b r o s i s .  T h e  
f unc t i o n  t e s, t s ob t a i ned from ra t s i n t ra  t rac h e a  1 I y .ins t i 1.l.ed w i t h 

b leomyci ,n  F r e a t e d  rats s h o w  , s i g n i f i c a n t l y  r e d u c e d  ' l u n g  v o l u m e s  
and f l o w  r a t e s  c o ; i s i s t e n t  w i t h  a p a t t e r n  of r e s t r i c t i v e  l u n g  
d i sease  e x p e c t e d  i n  p u l m o n a r y  f i b r o s i s .  
show a d i f f e r e n t  p a t t e r n  w i t h  s i g n i f i c a n t  c h a n g e s  i n  l u n g  
v o l i t m e s ,  c o m p l i a n c e ,  f l o w '  r a t e s ,  gas d i s t r i b u t i o n ,  a n d  CO 
diffusion c o n s i s t e n t  w i t h  t h e  o b s t r u c t i v e  l u n g  d i s e a s e  e x p e c t e d  

T h e  p a p a i n  treated r a t s  

i n '  emphysema .  > .  

I Table 36 p r e s e n t s  t h e  r e s u l t s  from a g r o u p  of r a t s  e x a m i n e d  
during t h e  d e v e l o p m e n t  of, t h i s  b a t t e r y  of t es t s .  Q u a l i t y  c o n t r o l  
e x a m i n a t i o n  of t h e  l u n g s  r e , v e a l e d  m i l d ,  p a t c h y  pneumonitis t y p i - ,  
c a l  of v i r a l  p n e u m o n i a .  Sec.ology i n  these a n i m a l s  was pos i t i - r e  
€ o r  r a t  coronavirus/sialodacryoadenitis. 

8 0  

By 

I ' ,  

-: 
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TABLE 35. PULMONARY FUNCTION (Si 2 SE) I N  RATS 2 WEEKS 
AFTER INTRAZRACHEAL INSTILLATION OF 30 I U / l O O  G PAPAIN OH 

0.7 IU/lOO G BLEOMYCIN DISSOLVED I N  0.1 NL/lOO G 0.9% SALINE 

V a r i a b l e  C o n t r o l  

Weigh t  294.2 It 5.6 
Rdy  n 0.34 2 0.02 
Cdyn 0.17 d.01 
c q s  I I ,  0 . 3 5 ' 2  0.02 ' 
V t  , 1.5 * 0.05 

PEFR I .  75.7 k 3.1' , 

I FVC 6.4 f 0.23 

FEV. l /FVC 32.8 f 1.3 
DFR 80% 1 2 . 4  4 1.6 
cv . 1.0 2 0.09 
cc 2.81 0.16 
P h a s e  I11 , 1.04 2 0,05 
D LCO 0.12 2 0.01 
D LCO./VA 0.017 5 0.001 
T LC 9.8 5 0.32 I 

RV 1.8 ,+ 0.12 
AE RV 0.69 2 0.06 
ML I 58.8 2 0.9 , 
" 19 

P a p a i n  

282.1 rf: 4.1 
0.34 2 0.04 
0.19 * a . 0 2  
0.44 2 0.04a 

' 1 .4  ? 0.05 

78.1 f 3.1 
34.6 i 1.7 

4 ,  

5.8 f 0.34 

5.6 ,t l . T b  

3.90 f 0.21 
0.87 2 0.08 

1.3 2 0.07a 
b 

0.10 f Q . O P  
'0.013 2 o.oo1Q 

10.5 ,+ 0.55 
2.6 2 0.21b 

Q.88 2 0.05b 
86.2 , +  3'.6b 

I '  9 

a D i f f e r e n t  f r o m  c o n t r o l ,  p < 0.05. 
D i f f e r e n t  from c o n t r o l ,  p < 0.01, '  

. .  . 

B l e o m y  ci n 

286.2 5 2 .1  
0.30 2 0.02 
0.15 ,+ 0.01  
0.34 2 0.02 I 

1.3 kt 0 .05b  8 

5 .7  f 0.21a 
77.2 f 2.6 ' 

37.4 f 1.6a 
12.0  ,+ 1.6 
,0.95 -+ 0.07 
2.97 ,+ 0.18 
0.91 f 0.11 
0.10 f O . O l a  

o .oie  ,+ 0.001 
0.1 2 0.38 I 

2.0 5 0.15 
0.57 2 0.06 

b '  68.3 f 1.0 
20 

Where: w e i g h t  ( g ) ;  Rdyn: d y n a m i c  r e s i s t a n c e  a t  f .= 60 B/M 
(cm H . 2 O / m I A , S ) ;  Cdyn: d y n a m i c  c o m p l i a n c e  a t  f = 60 B/M (mLjzm , 
H20); Cqs: q u a s i s t a t i c  c o m p l i a n c e  (mL/cm H 2 0 ) ;  V t :  t i d , a l  volume 
a t  f = 6.0 B / 4 ;  FVC: f o r c e d  v i t a l  c a p a c i t y ;  PEFR: p e a k  e x p i r a -  
t o r y ' , f l o w  r a t e  ( m L f s ) ;  FEV.l/FVC: f o r c e d  e x p i r e d  v o l u m e  i n  0.1. .' 
s e c o n d / f o r c e d .  v ' i t a L '  c a p a c i t y  ( J )  ; eDFR EO%: d i f f e r e n c e  b e t w e e n  
p a r t i a l  a n d  ' f u l l  f l o w r a t e s  a t  80% TLC (mL,/s) ;  CY: c l o s i n g  v o l u m e  
(mL) ;  CC:  c l o s i n g  c e p a c i t y  (mL); 'Phase 111: s l o p e  ( 5 6  N 2 / m L ) ;  ' 

DLCO: CO d i f f u s i o n  (mL CO/min mm Hg);  V A :  a 1 , v e o l a r  v o l u m e  
TLC: t o t a l ,  l u n g  c a p a c i t y  ( E L ) ;  RV:' r e s i d u a l  vo lume  (m,L);  
AERV: 
l i n e a r  i n t e r c e p t .  

e x p i ' r a t o r y  r e s e r v e  v o l u m e  a t  ,apnea ( m L ) ;  an,d h1LI: mean 1 

81 



, I  

TABLE 36.' PULMONARY FUNCTION ( T  i S'E) IN RATS I N F E ~ T E D  
WITH RAT CORONAVIRUS ( S E E  TABLE 35 FOR PARAMETER DEFINITIONS) 

V a r i a b l e  Cxjntrol I n f e c t e d  , .  

, 
Weight ' 334 k 14 ' ,311.f 22b 
Rdyn I 0.24,  f 0.13 0.24 f 0.07. 8 

V t  1.66 2 0.17 1 , 4 2  2 0.24jb 

Cdyn . 0.50 2 0.12 0.40 f O . l l b  . ,  

3 cqs 1.01 f 0.26 0.93 f 0.25 

. .  TLC 1 5 . 2  2 0.8 1 3 . 7  2.6a 8' a 

I ,  P I  < I  , . a  I , R V  , , , ,  2 . 3 5 , f  0,.78 2.49 f 1 ..20' 
A E. RV 0.77 2 0.56 0.68 fb 0.92' 
N ' 10 ' 10 

I '  i 

a D i f f e r e n t  from c o n t r o l , . p  < 0.05. 
, .  , D i f f e r e n t  f.rom c o r t r o l ,  p < 0.01. 

T h e  d a t a '  i n  Tab le  35 are  c o n s i s t e n t  w i t h  a p a t t e r n  of restrictive 
lung disease shown i n  v i r a l  pneumonia. 

87 days  of exposure  t o  1000 mg/m3'Shale  JP-4. M u l t i v a r i a t e  
a n a l y s i s  found no s i g n i f i c a n t  d i f f e r e r i c e  d u e ' t o  t h e  Shale' JP-4 
e xgos u r  e. 

1 

I 

. .  
,Table 37 p r e s e n t s  t h e  pulmonary f u n c t i o n  tes.t r e s u l t s  a f t e r  I 

I 

t I ,  TABLE 37, PULMONARY FUNCTION (W i S E )  A F T E R , A  SOLDAY 
CONTINUOUS EXPOSURE TO 1000 M G / M 3  SHALE JP-4 

( S E E  TABLE 35 FOR PARAMETER~DEFINITIONS) I 

V a r i a b l e  C o n  t ro 1 I Exposed 

Weight 
Rdyn 
Cdyn 
cqs 

I V t  
FVC 

FEV. 1 / F V C  
DFR 80% 
cv 
cc 
P h a s e  111 
D LCO 
DLCO/VA 
T LC 

A E R V  
N 

' PEFR 

av 

3 5 1 ' f  6 
0 - 2 4  +, 0.03 
0.36 f 0.06 
0.75 1: 0.q2 

1.3 f C.07 
8.7 2 0.51 

66.5 f 4.5 
25.9 2 1.8 
11.6 f 6.6 
1.1 f 0.1 
3.1 & 0.3 

0.55 k 0.07 
0.07 f 0.01 

0.009 f 0.001 
10.5 -+ 0.5 

1.9 5 0.3 
0.56 & 0.1 

13  

350 f 6 
0.34 2 0.05 
0.32,  * 0.03 
0.75 f 0.07 

1 . 1  2 0.08 
' 9.7 ,+ 0.56 
55.6 It 5.1 
21.0 2 . 1  

6.8 2 2.5 
1.7 f 0.3 
3.7 f 0 .3  

0.45  f 0.07 
C.07 f 0.01 

3.009 ;t 0 . 0 0 1 ,  
10.5 t 0.4  

' 2.0 +, 0.2 
0.37 5 0.1 

11 

-. 8 .  

1 .  
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DISCUSS ION I 

P l e t h y s m o g r a p h  S y s t e m  

r e p r e s e n t s  t h e  p r o d u c t  o f t e x ' t e n s i i r e  e f f o r t s '  t o  p r o v i d e  a n  a c d u -  
ra te ,  p r e c i s e ,  a n d  r e p e a t a b l e  t e s t i n g  c a p a b L l i t y  oi p u l m o n a r y  

' m e c h a n i c s ,  d y n a m i c s ,  g a s  d i q t r i b u t i o n ,  a n d  g a s  e x c h a n g e  i n  r a t s .  
T h i s  d e v e l o p m e n t  h a s  i n q l u d e d  i n n o v a t i o n s  d e v e l o p e d  here b u t  has 
a l s o  b e n e f i t e d  by i n c l u s i o n  o f  t e c h n i q u e s  p u b l i s h e d  By o t h e r s ,  

Use of h a l o t i i a n e  as t h e  a n e s t h e t i c  a g e n t  ( M a u d e r , l y ,  1975) . 

T h e  p l e t h y s m o g r a p h  s y s t e m  d e v e l o p e d  and' d e p i c t e d  i n  F i g u r e  2 
, 

0 ,  I , , I  e , ,  8 .  

p e rmi t ted  c o n t r o l  a n d  s t a n d a r d i z a t i o n  of t h e  a n e s t h e s i a  l eve i  b y  
r e g u l a t i n g  t h e ,  h a l o t h a n e  c o n c e n t r a t i o n  to p r o d u c e  a b r e a t h i n g  
f r e q u e n c y  of 60  ; f ' 5  B/M. Such a d j u s t a b l e ' c o n t r o l  i s  n o t  possible 
u . s i n g  i n j e c t i o n s  of p e n t o b a r b i t a l  f o r  e x a m p l e .  . I n  a d d i t i o n ,  t h e  

I r a t s  r e c o v e r  f r o m  h a l o t h a n e  a n e s t h e s i a  i n  a matter o f  m i n u t e s a s  
o p p o s e d  t o  h o u r s  for p e n t o b a r b i t a l .  - 

' T h e  u s e  of m o d i f i e d  a r t e r i a l  catheters  as  i n t r a t r a c h e a l  
I t u b e s  and ,  i n s e r t i o n  u s i n g '  a l i g h t e d - s p e c u l u m  ( N i c h o l s o n  a n d  

K i n k e a d ,  1 9 8 2 )  p r o v i d e d  a n  i n t u b a t i o n  t e c h n i q u e  w h i c h  w a s  q u i c k  
a n d  r e p e a t a b l e .  I t  se'aled t h e  t r a c h e a  s u f f i c i e n t l y  t o  al low 
m e a s u r e m e n t  o f  t e s t  p a r a m e t e r s  d u r i n g  f o r c e d  m a n e u v e r s .  

, 

i 

I 
I' 

C o n s t r u c t i o n  of '  a p r e s s u r e - w a v e  g e n e r a t i o n  d e v i c e  ( Jackson  . I  

a n d  V i n e g a r ,  1979) f o r  c o m p u t e r i z e d  a n a l y s e s  of t h e '  f r e q u e n c y  
r e s p o n s e , o f  t h e  p l e t b y s m o g r a p h  s y s t e m ,  p e r m i t t e d  a l t e r a t i o n s  i n  
c o n n e c t o r s , ,  f i t t i n g s ,  a n d  t h e  s i z e  a n d  number of p n e u m o t a c h  
s c r e e n s  t o  m a x i m i z e  t h e  f r e q u e n c y  r e s p o n s e  of t h e  p l e t h y s m o g r a p h .  
P r o c u r e m e n t  of ' s t r a i g h t - t h r o u g h  S o l e n o i d  v a l v e s  . r e d u c e d ,  t h e  
' i n e r t i a l  loss  f o u n d  i n  more common s o l e n o i d  v a l v e s  a n d  i m p r o v e d  

s p o n s e  o u t  t o  50 H z . i s  s u f f i c i e n t  t o  m e a s u r e ' t h e  f o r c e d  m a n e u v e r ,  
f l o w  ra tes  w h i c h  ha've b e e n  shown, to L a v e  c o m p o n e n t s  u p  t o  30 Hz 
(Harkema  e t  a l . ,  1 9 8 2 ) .  

d a ' r y  r n e c h a c i c s  ( l u n g  v o l u m e s ,  q u a s i s t a t l i c  p r e s s u r e - v o l u m e  c u r v e ) .  , 
i p u l m o n a r y  dynam' ics  ( res i s ta?ce ,  c o m p l i a n c e ,  p a r t i a l  a n d  f u l l  , 

forced m a n e u v e r s ) ,  g a s  d i s t r i b u t i o n  ( c l o s i n g  . v o l u m e ) ,  a n d  , g a s  
t r a n s f e r  (CO d i f f u s i o n ) .  A l l  of t h e s e  tests a re  c u r r e n t l y  used 
for c l i n i c a l  e v a l u a t i o n  of l u n g  f u n c t i o n  i n  m a n  a n d  should t he re -  
f ')re be  u s e f u l  in e x t r a p o l a t i n g  from, a n i m a l  t o  m a n .  C o m y u t c r ' i z a -  
c i o n  of these  tes ts  a l l o w e d  for t e s t  p e r f o r m a n c e  w i t h  q u i c k  znd 
p r e c i s e  c a l c u l a t i o n  o f  t e s t  p a r a m e t e r s  w h i c h  o t h e r w i s e  w o u l d  b e  
t o o  t i m e  c o n s u m i n g .  I 

t h e  r e s p o n s e  d u r i n g  f o r c e d  m a n e u v e r s .  The e s s e n t i a l l y '  f l a t  re- .: '. 

9 .  

T h e  b a t t e r y  of tests ' d e v e l o p e d  a l l o w e d  assessment o f  pulrno- 
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,f' 

, ,  

S h a l e  JP-4 , I  

' Aspi  ra t  ion  of h y d r o c a r b o n  s u b s t a n c e s  ( e .  g .  k e r o s e n e )  l e a d s  
t o  d e v e i o p m e n t  of c h e m i c a l  p n e u m o n i t i s  a n d  b r o n c h o p n e u m o n i a  ar.cl, 
i n  some cases ,  emphysema ( S c h a r f  e t  a l . ,  1981).  P r e v i o u s  p a > t i o -  . I  

. a  

, l o g i c  r e s u l t s  i n  a n i m a l s  s h o w e d  exlosure t o  S h a l e  JP-,5 p r o d u c e d  

' (Haud, 1975). E p i d e m i o l o g i c  r e s u l t s  s u g g e s t e d  j e t  f , u e l  e x p o s u r e  
n a s a l  i n f l a m m a t i o n  a n d  RJ-4 a n d  RJ-5 p r o d u c e -  p u l m o n a r y  i r r i t E t i o n  

i n d u c e d , d y s p n e a  o r  f e e l i n g s ' o f  ' s u f f o c a t i o n ,  p a i n  u p o n  i n h a l a -  
t i o n ,  s l i g h k  c o u g h ,  or a c h e  i n  t h e  c h e s t "  (KnPve  e t  a l . ,  1,976 a n d  ' 

D a v i e s , j l 9 6 4 ) .  A l l  t h e s e  da ta  s u p p o r t e d  t h e  h y p o t h e s i s  t h a t  ' 

' S h a l e '  J ,-$ c 'ou ld '  p r o d u c e ' p u l m o n a r y  d y s f u n c t i o n . '  The r e s k l t s  o f '  ' ' ' 

t h i ' s  s t u d y , . h o w e v e r ,  d o  n o t  show a n y  e f f e c t  of t h e  c o n t i n i l o u s  
SO-day e x p o s u r e  ' t o  1000 m g / m 3  S h a l e ,  J P - 4  on measu:s3 p u l m o n a r y  
f u n c t i o n  parameters. 

I 

,. E ~ A L U A T I O R  OF S'TRAIH SUSCEPTIBILITY TO CEIRONIC NEPHRITIS 
u' IN, RATS EXPOqED TO ,SHALE DERIVED JP-4 J E T ,  FUEL 

P r e v i o u s  s u b c h r o n i c  i n h a l a t i o n  s t u d i e s '  w i t h  hy roccrtjon 
I v a p o r s ,  i n c l u d i n g  petroleum a q d  shale d e r i v e d  j e t  : * i e l s ,  h a v e  

shown IP . p a t t e r n  of t o x i c  n e p h r o p a t h y  i n  male ra ts  { C a r p e n t e r  e t  
a i . ,  1935a, 1975b, 1975c, 1 9 7 5 d ;  G a w o r s k i  e t  a l . ,  1 9 7 9 a , ' 1 9 7 9 : . , ,  

' 1 9 8 4 ;  P h i l l i p s ,  1982; a n d -  B r u n e r  a n d  P i t t s ,  1 9 8 2 ) .  The lesi ' . s  
were descr ibed  as g r e a t l y  a c c e n t u a t e 4  h y a l i n e  d r o p l e t s  i n  pri .  
i m a l  t u b u l a r  e p i t h a i i u m  a n d  d i l a t e d ,  c y s t i c  t u b u l e s  near  t h e  
c o r t i c o m e d u l l a r y  j u n c t i o n  w h i e h ' w e r e  p lugged  w i t h  n e c r o t i c  ce l lu -  
l a r  d e b r i s . '  T h e  c h a r a c t e r i s t i c  le 'sion of h y d r o c a r b o n  n e p h r o p a t h y  

a n i m a l  s p e c i e s  e x p o s e d  t o  h y d r o c a r b o n  v a p o r s .  

I 

' h a s  n o t  b e e n  repor ted  i n  female r a t s  or  i n  e i t h e r  s e x  of o t h c r  , 

T h i s  . lesion has been  d e s c r i b e d  I n  male ra ts  of v a r i o u s  , I  

s t r a i n s ,  i n c l u d i n g  S p r a g u e - D a w l e y ,  Wistar, a n d  F i s c h e r  3 4 4 .  i n  
s d d i t i o n  t o  t h e  n e p h r o p a t h y i  P h i l l i p s  (1982) repor t s  a slgnifl- 
c a n t  increase i n  u r i n e  v o l u m e  and d e c r e s  .e i o  o s r n o l a l i t ' y  i n  I 

* F i s c h e r  3 4 4  r a t s  f o l l o w i n g  e x p o s u r e  t o  S t o l d d a r d  C o l v e n t .  B r u n c l r  
a n d  P i , t t s  (1982) ' p o s t u l a t e , t h a t  one m e c h a n t s 9  w h i c h  may c o n t r i b -  
u t e . t o  t h e ' n e p h r o p a t h y  is 0 2 u  g l o b u l i n ,  a low molecalar w e i g h t  
p r o t e i n  p r o d u c e d  by t h e  l i v e r  of male r a t s  a t  p u b e r t y  a n d  readily 
f i l t e r e d  by t h e  k i d n e y .  This p r o t e i n  h a s  n o t  b e e n  f o u n d  i n  the 
l i v e r s  of n o r m a l  female r a t s . ,  B r u n e r  b e l i e v e s  t h a t  t h i s  protTin 

' , c o u l d  be  t h e  major c o n s t i t u e n t  of h y . a l i n e  d r o p l e t s , ,  a n d  factors 
r e s u l t i n g  i n  i t s  e x c e s s i v e  a c c u m u l a t i o n  i n  p r o r i  la1 t u b u l a r  cell 1s , 

cou ' . ld  c 0 n t r i b u t . e  t o  t h e  p a t h o g e n e s i s  o f  h y d r o c a r b o n  n e p h r b p a t h y .  

8 4  
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T h i s  s t u d y  was d e s i g n e d  t o  d e t e r m i n e  t h e , r e l a t i v e  sqscep- 
t i b i l i t y  t o  c h r o n i c  n e p h r o p a t h y  of 3 ' r a t  s t r a i n s  d u r i n g  a n d  foL- 
l o w i n g  , . i n h a l a t i o n  e x p o s u r e  t o  1000 mg/m3', Shale d e r i v e d  JP-4  ' j e t  
f u e l .  
a t  selected1 times. T h e s e  w i l l  b e  a n a l y L e d  f o r  c o r r e l a t i o n  w i t h  I 

t h , e  degree  of c h r o n i c  n e p h r i t i s  f o u n d  i n  each  r a t  species. T h e  
e x p o s u r e  c o n d i t i o n s  were selected t o  c o n f o r m  w i t h  p r e v i o u s  f u e l  
s t u g i e s  c o n d u c t e d  ,in' t h e  T o x i c  Hazards,, Research U n i t  l a b o r a t o r y .  

' 

U r i n e  m e t a b o l i t e  a n a l y s i s  a n d  p r o t e i n  m e a s u r e m e n t  a r e  made' 

' 

' The Shale d e r i v e d  < J P - 4  s a m p l e  u sed  i n  t h i s  s t u d y  i s  afrom t h e  . ' '  
I ,  

same s l o u r c e  as  that u s e d  i n  t h e  ' S h a l e  J'P-4 9 0 - d a y  , s t u , d y  p r e v i o u s -  
ly descr ibed  a n d  was s u b j e c t e d  t o  t h e  same q u a l i t y  c o n t r o l  
m e a s u r e s .  

' F o u r  s t r a i n s  of male ra t s  were e x p o s e d , t o  1000 sg,/m3 S h a l e  
J P - 4  v a p o r  o n  a c o ~ t i n u o u s  be-si's  f o r " 9 0  days. 
pos,es, t w o  Thomas Dome i n h a l a t i o n  chambers  were u t i l i z e d .  One  
chamber c o n t k i n e d  a 1000 m g / m 3  J P - 4  f u e l  c o n c e n t n a t i , o n  w h i l e  s h a m  ;, 
e x p o s e d  c q n t r o l s  'were h o u s e d  i n  ' a n  i d e n t i c a l  chamber .  
b e r  h o u s e d  60  each of t h e  f o l l o w i n g  male r a t  s t r a i n s :  F i s c h e r  
3'44, Wistsr, S p r a g u e - D a w l e y ,  a n d  O s b o r n e  Mendel :  

For t h e s e  p u r -  

E a c h  cham-' 

, .  

T h e  e x p o s u r e s  b e g a n  i n  , D e c e m b e r  1983 a n d  t e r m i n a t e d  i n  M a r c h  

A l l  
1984. I n t e r i m  s a c r i f i c e s  of 10 r a t s  p e r  s t r a i n  o c c u r r e d  a t  45 
a n d .  90 d a y s  of e x p o s w e  a n d  a t  6 a n d  1 2  m o n t h s  p o s t e x p o s u r e .  
r e m a i n i n g  r a t s  w i l l  b e . n e c r o p s i e d  d u r i n g  t h e  2 4 t h  m o n t h  o f ,  t h e  
s t u d y  (Eecember 1985). 

' O r g a n  w e i g h t s  were m e 3 s u r e d  and blood a n d  u r i n e  s a m p l e s  
t a k e n  a f t e r  4 5  a n d  9(3 d a y s  of e x p o s u r e  i n  a n i m a l s  s c h e d u l e d  for 
i n t e r i m  sacr i f ice .  C r g a n  w e i g h t s  w e r e , m e a s u r e d  a t  t h e  6 a n d  
12 -month  p o s t e x p o s u r e  s ac r i f i ce s .  Body w e i g h t s  were r o u t i n e l y  
m e a s u r e d  d u r i n g  t h e  c o u r s e  of the e x p o s u r e  a n d  are a l s o  b e i n g  
f o l l o w e d  y o s t e x p o s u r e .  . .  

I 

?ne p r e v i o u s  a n n u a 1 , r e g o r t  (M.acEwen, a n d  Y e r n d t ,  1984) de -  
t a i l s  t h e  e x p e r i m e n t a l  protocol f o r  t h e  90-day i n h a l a t i o n  e x p o -  
sure  of tQ,e $ '  rat s t i l l i n s  a n d  g i v e s ' t - h e  results of t h e ' b l b o d ,  
u r i . o e ,  a n d  o r g a n  wei .gh t ,  m e a s u r e m e n t s  of rats k i l l e d  a f t e r  45 a n d  I 

90 d a y s  e x p o s u r e .  

,' 

Results 

Mean b o d y  w e i g h t s  for t h e  r a t  s t r a i n s  o b t a i n e d  o n  a biweekly 
s c h e d u l e  t h r o u g h  90 d a y s  of exposure a n d  m o n t h i y  t h e r e a f t e r  a r e  
shown i n  T a b l e  38. T h e  S h a l e  JP-4 e x p o s e d  S p r a g u e - D a w l e y  and 
Wistar r a t s  b e g a n  t o  show a s t a t i s t i c a l l y  s i g r i i f i c a n t  ( p  r; 0.01) 
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'TABLE 38. BODY WEIGHTS' OF  4 S T R A I N S  OF.LIALE RATS 
E X P O S E D  TO SHALZ JP-4 FOR 90 DAYS 

, Weighing  
Period Flscher 344- Spra.gue-Dawiey Wtstar - Osborne Meriael 

0 Days C 179.3 f 1,.3. 3132.6 f 2 .4  
T 183.9 f 1.3 332.2 5 2 , 2  

T 244.3 2 1.4 410.0 t 3.3b 

b 

270.6 ;t 1.5b.:8 473.3. 2 4:9' 

T 285.3 ,+ 2.0 493.5 ,+ 5.2b 

T 298.0 +, 2.3 516.9 ,+ S.2b 

3 Weeks , C 246.5 & 1.6 428 e 1  4 3.5 

5 Weeks C 265.8 2 1.8 450.3 2 5.3  

7 Weeks, C 277.5 2 2.2' 485.0 ,+ 5.3 

9 Weeks C 288.3 ,+ 2.3 512.4 5 ' 5 . 9  

T 258.4 ,+ 1 . 6 ~ '  456.4 ,+ 4.a 

I t  T 

C 297.4 f 2.4 530.6 ,+ 6.6 1 1  W,eeks 

'13 Weeks 

P o s t e x p o s u r e  

1 Month  . 

2 Months 

3 Months  

4 Months  

5 M o n t h s  

6 'Months ' 

I 7 Months , 

8 Y o n t h s  

9 Months 

I 10 Yontha 
0 

i i  Months 

C 
T 

C 
T 
C 
T 
C 
T 
C 
T 
,C 
T 
C 
T 
C 
T 
C 
T 
C 
T 
C 
T 
C 
T 

'307.9 f 2.5 555.0 f 6.6 
304.9 f. 2'.6 538.8 i 5 . 1 ~ '  

325.5 f 2.9 577.6 f 7.0b 
322.3 f 2.7 559.7 f 7.1 
350.7 2 3.4 618.5, t 7.7 
347.3 f 3.0 600.5 f 7 . Z b  
376.3 f 3.4 639.0 f 8.4 
369.7 f 3.0b 622.1 f 7.gb 
393.9 f 3.6 667.5 f 8.9 
384.9 f 3.3b 046.8  2 9 .ob 
410.5 ,+ 3.7 687.2 ,+, 9.6b 
401.4 * ~ 3 . 2 ~  662.7 f 10.0 
423.1 f 3.9 705.5 f 10.3 
416.0 f 3.6b 685.5 f l l . l b  

426.2 p 4 . 2 b '  699.6 f 14.0h 
448.9 2 4.7  732.1 ,+ 13.1 
437.4 f 4.gb 714.0 f 14.2b 

444.3 f 4.6b 714.9 f 14.7b 

440.7 f 4.gb 709.4 f 15.4b 
458.7 f 5.0 776.1 f 25.5 
456.3 f: 4.1b 724.3 ,+ 17.8' 

437.7 f 4.6 716.5 2 11.7 

455.7 2 3.0 743.8 ,+ 15.2 

458.3  f 5.2 780.0 2 16.2 

324.5 f 2.0 
,323b1 f 2:2 
, 4 2 9 . 0  8 3.9 
415.8 f: 3.4jb 
467.*8 ,+ 4.7 
463.8 ,C 4 . 5  
495.7 ,+ 6,.1 
484.0 ,+ 5.2b 
517, .5  2 6.5 
507.9 f 5 . 5 b  
533.9 z 7.7 
517.9 ?: 7.3b 
562.7 f 7.6 
547.7 f 6.9' 

563.9 f 9.3 
554.61 ,+ 6 . 4 b  

590.5 f ?.2b 
624.9 f 10.8 
614 .6  s 8.qb 
642,.9 2 12.4 
635.8 2 8.6b  
664.5 2 13.4 

681.6 f 13.5 
678.4 2 10.1 
697.9 f 18.0 
683.4 f 12.9' 
708.4 t 17.9 
694.9 p t2 .8b 
712.8 i 18.1 
701.9 f 13.2b 
723.3 i 18.0 
700.8 f 13.6b 
732.8 ,+ ' 3 . 2  
708.3 ,+ 14.4b 

608.8 ,+ 9.7 

658.2 *,  9.6 

279.1 2 2.6  9 

b 285.6 .t 1 . 4  
370.4 f 2 . 5  
368.8 ,+ 3.4 
402.1 f 2.9 
403.2 -+ 3.2 
423.5 ,,-+ 3 - 8  8 ,  

4189.1 -+ 3.8 
440.9 ,+ 4.0 
428.8 ,+ 4 . Z b  
4'49.2 ,+ 4.3  
454.8 ,t 5.2 
46f .1  ;t 4.7 ' 
466.2 t 5.1 

460.3 'f 5.1 
469.4 f 4.5' 
484.0 ,+ 5.5 
491.3 i 4 . 8 b  
495.4 * 5.6 
505.7 f 5.0b  
5 12,.,2 f 5 .  8 
521 .O 2 5 , O b  
526.7 2 .5.8 
531.5 f 5.3 
539i8 'f 6.2 
54,4 .6 f 5 .5' 
543.0 f 7.7, , 4 

551.9 f 9.,4b 
563.'6 f 7.2 
5 7 p . l ~  ,,t 6 .5  b 
5 6 4 . 8  +' 7.8 
573.1 f 6 . g b  
549.9 2 9.3 

, 5 6 5 . 8  i 6.2b 

! 

357.'1 f 9.6 ' I . ' 

57i.9 ,+ 5.8b 

, 
k a n ,  (grams) 2 SE.  
Different from control, p 4 0.01. 
c - c o n t r o l  group, T - t e s t  group,. . 

d e p r e s s i o n  i n  body w e i g h t  d u r i n g  t h e  e x p o s u r e  period which h a s  

F i s c h e r  344 ra t s '  h a v e  shown a d e p r e s s e d  body w e i g h t  since t h e  
t h i r d  month p o s t e x p o s u r e  w h i l e  t h e  e x p o s e d  Osborne M e n d e l  r a J s  
h a v e  o u t g a i n e d  t h e i r  r e s p e c t i v e  c o n t r o l s  d u r i n g  t h e  y o s t e x p o s u r e  
per i0 .d .  

' continued t h r o u g h  the p o s t e x p o s u r e  p e r i o d .  T h e  fue l - exp i . .+E .d  
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A summary  o f  t h e  o r g a n  w e i g h t s  of t h e  r a t s  s a c r i f i c e d  a t  
6 . a n d '  12 m o n t h s  p o s t e x p o s u r e  a r e  s h o w n  i n  T a b l e s ' 3 9  a n d  4 0 ,  
r e s p e c t i v e l y .  A t  6 m,on ths  p o s t e x p o s u r e  a s t a t i s t i c a l l y  s i g n i f i -  
c a n t  increkse  i n  t h e  k i d n e y  w e i g h t  t o  b o d y  w e i g h t  r a t i o  was s e e n  
i n  t h e  F i s c h e r  344 r a t s .  A t  12 m o n t h s  p o s t e x p o s u r e  n o n e  of t h e  4 
s t r a i n s  s h o w e d  a s t a t i s t i c z l l y  s i g n i f i c a n t  k i d n e y  w e i g h t  e f f e c t .  
I n  p r e v i o u s  s a c r i f i c e s ' ( 4 5  a n d  90 d a y s  e x p o s u r e )  a l l ,  4 s t r a i n s  
s h o w e d  s t a t i s t i c a l l y  s i g n i f i c a n t  iflcre-ases i n  mean k i d n e y  w e i g h t s  
a s  w e l l  a s  t h e  r a t i o s  o f  k i d n e y  w e i g h t  t o  t h e  mean b o d y  w e i g h t .  

TABLE 39. B 0 D Y " A N D  O R G A N  WEIGQTS O F  4 R A T  S T R A I N S  
I .  I I 1 

I I ,  

' 6 MONTHS A'Fl'Ek BE1Nc"EXPOSCD TO' SI-fALE 
D E K 1 V E ; D  JP-4 V A W R S  FOR 90 D A Y S  . ,  

Rat T r e a t m e n t  Mea,n Weigh t  i n  G r a m s  $ of Body Wefight  
S t r a i n  Group Body  Tes t i s  t i v e r  K i d n e y  T e s t i s  L i v e r  K i d n e y  

0.78 , 3 . 2 2  0.67 F 344 C o n t r o l  411 3.22 15.82,  2.76 
F 344 1000 rng/m3 406 3.33 112.57 2.90 0.82 3.16 0.72' 

S-D . ' Control 6 9 2  3.71 ' ,23.18 4.77 I : 0.54 3.34 ' 0.69 '  
S-D , 1000 mg/m3! 676 3.96 21..00 4.89 0.59 3.12 0.73, 

Wistar Control 681 3.93 ~ 22.61 ' 4 . 4 4  0.58 3,.34 0.66 
Kis tar  10001mg/m3 700 3.83 21647 4.47 ' 0.55 3.07 0.64 

0 M , C o n t r o l  538 4.39 18.96 4 . 4 1  0.82 13.51. 0.82 
1000 rng/m3 532 4.34 , 18 .81  4.55 ' 0.82 '3.55 0.86 , 

I .a 

O M  

, a  D i f f a r e n t  from con t ro l ,  p 4 0.05. 

TABLE 40. 'BODY A N D  O R G A N  WEIGHTS' O F  4 RAT STRAINS 
12 MONTHS A F P E R  B E I N G  E X P O S E D  TO SHALE D E R I V E D  

, JP-4 V A P O R S  F O R  90 DAYS 

Rat Treatment Mean W e i g h t  i n  Grams % of Body W e i g h t  
S t  r a i n  Group Body T e s t i s  L i v e r  K i d n e L  T e s t i s  L i v e r  K i d n e y  . ' -.- 

F 344 Control 4 4 0  3.66 13.40 3.12 0.83 3-05 0.71 
P 344 I 1000 m g / r n 3  4 3 0 .  3.9Za 13.24 3.22 0.91 ' 3.08 0.75 

s- D Control  791 3.64 23.81 4.92 0.47 3.01 0.62 
S- D 1000 rng/m3 70ga 3.48 23.64 5 . 4 0  0.50 , 3.41 C?.'?S 4 

Wistar C o n t r o l  769 3.86 22.37 4 . 7 2  0.51 2 .82  C.62  
Wistar '1000 mg/rn3 660a 3 . 4 2 a  22.37 5.29 0.52 3 . 4 2  0 .84  

O M  Contro.' , 547 4 . 2 0  ' 2 0 . 1 5  4.33 0.77 3.67 0.79 
O M  1000 rng/m3 581b 4,SOa 22.66 5.06 , 0.78 8.90 0.87 

I ,  

a D i f f e r e n t  f r o m  c o n t r o l ,  p < 0.01. 
D i f f e r e n t  from c o n t r o l ,  p C 0 . 0 5 .  



, '  
T h e  s t u d y  i s  c o n t i n u i n g  a n d  f u r t h e r  d a t a  w i l l  b e  p r e s e n t e d  

' i n  f u t u r e  a n n u a l  r e p o r t s  o f  T H R U  a c t i v i t i e s .  , 

TEE BPGRIUENTAJ.,  DETEEYINATION OF SAFE ATMOSPHERIC 
CQNCgNTRATIONS O F , R J - 5  

A 6-month  c h r o n i c  i n h a l a t i o n  t o x i c i t y  e x p o s u r e  to 0.15 ing/L 
RJ-5 qas c o n d u c t , e d  w i t h  animals i n  our l b b o r a t o r y  a n d  r e p o r t e d  by  
MacEwen a n d  V e , r n o t  i n  1975. A s u b n o r m a l  ' w e i g h t  g a i n  was q v t e d  i n  
r a t s  a n d  p a r t i c u l a r l y  i n  dogs d u r i n g  t h e  c . o u r s e  of '  t h e  e x c j e r i -  

i n g  t h e  c o n c l u s i o n  of t h e  e x p o s u r e  s h o w e d  a c u t e  i n f l a m m a t i o n  o f  I 

t h e  lungs as  w e l l  as  s e v e r a l .  cases of b r o n c h o p n e u m o n i a  i n  t h e  
t es t  groups .  I 

, ' m e n t .  Dogs a r ,d  ra'ts (CFE . s t r a i n )  sac,rif ic,ed i m m e d i a t e L y  fo l law-  2 8  4 

I . '  

A ' h i g h  i n c i d e n , c e  of a l v e o l a r g e n i c  c a r c i n o m a s  was s e e n  i n  I 

mice h e l d  1 - y e a r  p o s t e x p o s u r e  f o l 1 Q w i n g  t h e  6 -mon th '  exposure t o  
0.15 rng/L'RJ-S. 
s t r a i n  which i s  pr.edispos'ed t o  t h i s  t y p e  o f  ' t u m o r .  T o ' d e t e r m i n e  
i f  t h i s  compound  t r u l y  p o s s e s s e s  o n c o g e n i c  p r o p e r t i e s ,  l t  was ' 

d e c i d e d  to  d o  a more i n - d e p t , h  s t u d y  f o r  a l o n g e r  t i m e  a n d  to 
m a i n t a i n  a g r e a t e r  n u m b e r  of animals ' d u r i n g  t h e  p o s t e x p o s u r e  
o b s e r v a t i o n  p e r i o d .  T h e  r a t s  a n d  mice b e i n g  , u s e d  i n  t h i s , s t u d y  
a r e  t h e  s t r a i n s  w h i c h  h a v e  &en u s e d  i q  all of o u r ' r e c e n t  , 
o n c o l o g y  s t u d i e s ,  F i s c h e r  3 4 4  a n d  C 5 7 $ , L / 6 ,  r e s p e c t i v e l y .  

T h e  m i c e  u s e d  i n  t h a t  s t u d y  were o f  t h e  CF-1 

I 

, 
> I  

4 

T h e  e x p e r i m e n t a l  p ro tocol  d e s i g n e d  t o  i d e n t i f y  t o x i c  e f f e c t s  
a n d  e s t a b l i s h  s a f e  e x y o s u r e , l i m i $ s  a s  w e l l  a's t o  i d e n t i f y  t h e  

repor.ts (MacEwen a n d  V e r n o t ,  1980, 1981). 
a o n c o g e n i c  p o t e n t i a l  o f  RJ-5 f u e l ' c a n  be  f o u n d  i n  p r e v i o u s  a n n u a l  

A n i m a l  b o d y  w e i g h t s  snci r e s u l t s  o f  v a r i o ' u s '  c l i , n i c a l ,  d e t d r -  
m i n a t i o n s  a r e  d e t a i l e d  i n  a more r e c e n t  ( a n n u a l  . repcr t  (Macvwen 
a n d  V e r n o t ,  1983). T i s s u e s  h a r v e s ' t e d  a t  t h e  c o n c l u s i o n  o f  t h e  
s t u d %  h a v e  b e e n  . p r o c e s s e d  a n d  a r e  c u r r ' e n t l y  b e i n g ,  e v a l u f t e d  by an 
i n d e p e n d e n t  p a t h ' o l o g y  g r o u p . '  T h e  resul. ts  o f  t h o  h i s t o A o g i c  t x a m -  
inations s h o u l d  s o o n  be  a v a i l a b l e  f o r  e v a l u a t i o n  a n d  interpreta- 
t i o n  a n d  w e  e x p e c t  t o  p u b l i s h  a t e c h n i c a l  r e p o r t  o n  t h i s  s u b j e c t  

, ,  

i n  t h e  near f u t u r e .  

/ EVALUATION OF 9 0 - D A Y  INHALATION "lXIC?TY OF PgTROLEUBl 
M D  O I L  SHALE JP-5 JET FUEL 

These s t u d i e s  b e g a n  i n  1977 a n d  v a r i . \ I ! s  p h a s e s  h a v e  be 'en 
p r e s e n t e d  i n  p r e v i o u s  a n n u a l  r e p o r t s .  ? t i is  report  p r e s e n t s  a 

I c o m p l e t e  summary of t h e  r e l e v a n t  b i o l o g i c a l  c h a n g e s  d i s c u s s e d  
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t h e  e a r l i e r  r e p o r t s ,  i n  a d d i t i o n  t o  t h e  r e s u l t s  of t h e  r e c e n t l y  
c o m p l e t e d  e v a l u a t i o n  of t h e  t i s s n e s  o b t a i n e d  d u r i n g  t h e  S h a l e  
JP-5 s t u d y .  

. I  

' I  

P e t r o l e q  d i s t i l l a t e s  h a v e  b e e n  u s e d  as l a r g e  scaie  sources 
o f  e n e r g y  f o r  o v e r  100 years ,  and> s i n c e  t h e  a d v e n t  of t h e  
i n t e r n a l  c o m b u s t i o n  e n g i n e ,  v a s t  q u a n t i t i e s  of d i s t i l l a t e  frac- 
t i o n s  h a v e  b e e n  i n t r o d u c e d  i n t o  man's working e n v i r o n m e n t .  The 
d e v e l o p m e n t  of j e t  e n g i n e s  as  almost u n i v e r s a l  power  p l a n t s  f o r  
commercial a n d  m i ' l i t a i y  a i r c r a f t  h a s  l e d  t o  t h e  u s e  of a number 

less v o l a t i l e  t h a n  t h e  g a s o l i n e  f r a c t i o n s  used i n  c o n v e n t i o n a l  . I ,  

i n t e r n a l  c o m b u s t i o n  e n g i n e s .  1 I !  

, a f , p e t r o l e q  d i s t i l l a t e  f u e l s  w i t h  s p e c i a l  p r o p e r t i e s .  T h e s e , a r e  

I' 

, Despi te  l o n g  i n d u s t r i a l  a n d  e n v i r o n m e n t a l  e x p e r i e n c e  v i t h  
' petrolem d i s t i l l a t e s ,  l i t t l e  i n v e s t i g a t i x e  work w a s  d o n e  o n  t h e  

t o x i c o l o g i c a l  charac te r i s t ics  of these f u e l s  u n t i l  D r i n k e r  e t  a l .  
, (1943) e x p o s e d  g r o u p s  of human v o l u n t e e r s  t o  known c o n c e n t r a t i o n s  

of g a s o l i n e  v a p o r .  
0.03% (1060 m g / m ? )  t h e  major c o m p l a i n t  was e y e  i r r i t a t i o n .  When 
t n e  c o n c e n t r a t i o n  r e a c h e d  0.26% (9150 m g / m 3 )  symptoms a,pearea of 
m i l d  e x h i l a r a t i o n  a n d  m u s c u l a r  i n c o o r d i n a t i o n  cha rac t e r i s t i c  of 
moderate e t h a n o l  i n g e s t i o n .  A t  ,a c o n c e n t r a t i o n  of l,l% or  3,8,800 
mg/m3, t h e  s u b j e c t s  were d e s c r i b e d  as a p p e a r i n g  i n t o x i c a t e d ,  most 
w i t h i n  5 , m i n u t e s .  

They f o u n d  t h a t  f o r  c o n c e n t r a t i o n s  u p  t o  

I 

As a r e s u l t  of these s t u d i e s  a n d  i n d u s t r i a l l e x p e r i e n c e ,  th ,e  
T h e p  A O S l H  a s s i g n e d  a TLV of 500 ppm o r  176q mg/m3 t o  g a s o l i n e .  

in 1963, E l k i n s  e t  ,al. p o i n t e d  o u t  t h a t  t h e  r e l a t i v e  c q n c e n t r a -  
t i o n  o f  b e n z e n e  i n  a i r  a f t e r  e v a p o r a t i o n  o f  g a s o l i n e ,  e i t h e r  
t o t a l l y  or p a r t i a l l y ,  would b e  g r e a t e r  t h a n  i t s  v o l u m e  or w e i g h t  
c o n c e n t r a t i o n 4  in t h e  l i q u i d  pnase, l e a d i n g  t o  t h e  p o s s i b i l i t y  
t h a t  t h e  T h r e s h o l d  L i m i t  V a l u e  (TLV) of b e n z e n e  a t  t h a t  time, , 
25 ppm, m i g h t  k e  e x c e e d e d  i n  a mixed f u e l  c o n c e n t r a t i o n  below t h e  
g a s o l i n e  TLV. In r e s p o n s e ,  t h e  ACCIH In 1967 c h a n g e d  i t s  

t a p p r o a c h  i n  f a v . r  of d e t e r m i n i n g  the TLV on t h e  basis of $ h e  
c o n t e n t  o f  b e n z e n e ,  other aromatics,  and a d d i t i v e s  in g a s o l i n e  o r  
p e t r o l e u m  d l  s t 11 1 a t  e 8 .  

I 

, ,  

In 1973, t h e  THRU u n d e r t o o k  a n  8-month s t u d y  of JP-4 j e t  
f u e l  u n d e r  a 6 h o u r / d a y ,  5 d a y / r e e k  e x p o s u r e  r e g i m e n  (MacEwen a d d  
V e r n o t , ,  1974) .  I n  t h i s  e x p e r i m e n t ,  t h e  a i m  was t o  g e n e r a t e  con-  
c e n t r a t i o n s  of JP-4 w h i c h  c o n t a i n e d  25 a n d  12 .5  ppm of b e n z e n e  
a n d ,  as a p o s i t i v e  conc ro l ,  2 5  ppm b e n z e n e  a l o n e  w h i c h  was t h e  
c u r r e n t  TLV. P r e l i m i - a i y  e x p e r i m e n t s  i n d i c a t e d  t h e  r e q u i r e d  
c o n c e n t r a t i o n s  of  JP-4 were 5 a n d  2.5 mg/L. As d i f f e r e n t  con-  
ta iners  of JP-4 were u s e d ,  t h e  b e n z e n e  c o n t e n t  c h a n g e d  s l i g h t . 1 ~  , 

89 



The  j e t  f u e l  of i n t e r e s t  i n  t h e  p r e s e n t  s t u d y  i s  d e s i g n a t e d  
JP-5. JP-5 i s  less v o l a t i l e  t h a n  JP -4  a n d  a l s o  c o n t a i ' n s  less 
b e n z e n e .  The N a v a l  M e d i c a l  R e s e a r c h  I n s t i t u t e  T o x i c o l o g y  
D e t a c h m e n t  (NMRIJTD) r e q u e s t e d  t n a t  t h e  T o x i c  H a z a r d s  R e s e a r c n  
U n i t  c o n d u c t  c o m p a r a t i v e  t o x i c i t y  t e s t s  w i t h  JP-5 d e r i v e d  from 
both  c o n v e n t i o n a l  p e t r o l e u m  a n d  o i l  s h a l e .  Oil s h a l e  r e p r e s e n t s  
o n e  of t h e  l a rges t  u n d e r d e v e l o p e d  sources  of f o s s i l  e n e r g y  i n  t h e ,  
U n i t e d  S t i t e s .  I t  is estimated t h a c  t h e  G r e e n  R i v e r  f o r m a t i o n  i n  
Colorado, U t a h ,  a n d  Wyoming c o n t a i n s  600 b i l l i o n  barrels  o f  
r e c o v e r a b l e  O i i ,  a n  a m o u n t  t h a t  e x c e e d s  t h e  known w o r l d  l i q u i d  
p e t r o l e u m  s u p p l y  ( W e a v e r  a n d  Gibson, 1979) .  T h e  , m i l i t a r y  is  
p a r t i c i p a t i n g  In a n  i n t e r a g e n c y  ,ef forr;' t o  p r o d u c e  a n d  r e f ' i n e  
l a r g e  q u a n t i t i e s  of c r u d e  o i l  s h a l e  i n t o  m i l i t a r y  s p e c i f i c a f i o n  
f u e l s  f o r  s u b s e q u e n t  e v a l u a t i o n .  

a n d  t h e  c o o c e n t r a t i o n s  of J P - 4  v a p o r  'were c h a n g e d  t o  keep  b e n z e n e  
c o n c e n t r a t i o n s ,  c o n s t a n t .  

, 
--..-..__ A c + . :  v i  t y  -- d e , p ~ e , s ~ ~ c n  was n o t e g ,  d u r i n g  t h e ,  i n i t i a l  3 weeks of 

t h e_>t.,Udy--_i_n d.o-gs..->zg.m&n k e y  s ,e xp,os ed t o  b e  n z e  ne ,  o r J P- 4 va yo r s . 
A s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a ' s e  was n o t . e d  i n  RBC f r a g i l i t y  
i n  female d o g s  b e t w e e n  t h e '  1 0 t h  and 2 7 t h  weeks 'of  e x p o s u r e  t o  
5 mg/L. T h e  i n c , r e a s e  ws.3 not s , e e n  i n  d o g s  e x p o s e d  t o  t h e , i o w e r ,  
c o n c e n t r a t i o n  of J F . 4  o r  b e n z e n e .  A t  s a c r i f i c e ,  i m m e d i a t e l y  
p o s t e x p o s u r e ,  t h e  l i v e r ,  s p l e e n , , a n d  k i d n e y ' w e i g h t s  of r a t s  
e x p o s e d  to 5 m g / L  JP-4 were s i g n i f i c a n t l y  h i g h e r .  t h a n  c o n t r o l s ,  , 

aqd  t h , e r e  , w a s ,  a b i g h e r  i p c i d e n c e ,  of c h r p n i c  m u r i n e  b r , o a c h i t i s .  i n  
t h e  ' r a t s  exposed , t o  e i the r  c o n c e n t r a t i o n :  T h e  o n l y  e x p o s u r e  re- 
l a t e d  p a t h o l o g i c  les ions a t  l - y e a r  p o s t e x p o s u r e  were i n c r e a s e d  
h e m o s i d e r i n  d e p o s i t s  i n  t h e  s p l e e n s :  of r a t s  e x p o s e d  t o  b.oth , C O R -  

c e n t r a t ' i o n s  o f  JP-4 a n d  b e n z e n e  a l o n e .  

, 

As p a r t  of t h e  o v e r a l l  e v a l u a t i o n  of t h e  .oil s h a l e  . f u e l s ,  i t  
is desirab,le t o  assess t h e  t o x i c i ' t y  a s G o c i a t e d  w i t h  t y p i c a l  u s e  
e x p o s u r a .  Data of t h i s  t y p e  a 1 1 0 , w  for a c o m p a r i s o n  'of t h e  hez- 
a r d s  of t h e  o i l  s h a l e  a n d . p e t r o 1 , e u m  f u e l s  a n d  a r e  v a l u a b l e , i n  
e s t a b l t s h i n g  p r o p e r  workplace p ' r o c e d u r e s  a n d  c o n t r o l s .  ' S i n c e  
i n h a l a t i o n  will be  a p r i m e  route of e x p o s u r e  f o r  p e r s o n n e l  w o r k -  I 

i n g  w i t h  JP-5, i n h a l a t i o n  e x p o s u r e s  were c o n d c c t e d  t o  compare "iHe 
e f f e c t s  'at  e x p e c t e d  . w o r k e r  e x p o s u r e '  l e v e l s .  A 9 0 - d a y  , ' c o n t i n u o u s  
. i n h a l a t i o n  exposure  per iod  was chosen t o  a i r n u l a t o  c o n d i t i o q s  
w h e r e  N a v a i  p e r s o n n e l  may be e x p o s e d  d l w i n g  a c r u i s e  s i t u a t i o n .  , ,  

W h i l e  t h k s  type of e x p o s u r e  i s  less t r a d i t i o n a l  t h a n  a 6 
h o u r j d a y ,  5 d a y / w e e k  r e g i m e n ,  i t  does  c r e a t e  a maximum e x p o s u r e  
s i ' t u a t i o n  a n d  increases t h e  p r o b a b i l i t y  o f  o b s e r v i n g  e x p o s u r e  
re la ted  e f f e c t s .  

, .  
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, -  

Because  of t h e  u n a v a i l a b i l i t y  o f  t h e  S h a l e  JP-5 a t  t h e  c n s e t  
of t h i s  s t u d y  i t  was impossible  t o  c o n d u c t  s i m u l t a n e o u s  t es t s .  . .  
The Ski.:.:: J P - 5  s a m p l e  d i d  Ifot become a v a i l a b l e  for' t e s t i n g  u n t i l  . *  

. " 
.e 

. I  

2 y e a r s  a f t e r  i n i t i a t i o n  of t h e  P e t r o l e u m , J P - 5  e x p o s u r e s .  
D e s p i t z '  *,*.lis l e n g t h y  t i m e  p e r i o d  be tween  t h e  s t u d i e s ,  care ,Gas 
t a k e n ,  t r .  , i n s u r e  t h a . t  t b e  e x p e r i m e n t s  were c o n d u c t e d  i n  as s i m i l a r  

! I  

a rnacnc: as  p o s s i b l e .  , *  
.t 

, YETBODS 

L?-5 i s  a h i g h  f l a s h p o i n t ,  k e r o s e n e - t y p e  a v i a t i o n  t u r b i n e  
f u e l  dv?s t , r ibed  i n  m i l i t a r y  s p e c i f i c d t i o n  MIGT-5624X, (1 A p r i l  ' 

1976), s x d ' i n  Tab1,e 41.  
s t b c k  . su? .p ly  a t  W r i g h t - P a t t e r s o n  A i r  F o r c e  Bas'e. S h a l e  JP-5 was 
r e f i n e o  by SOHIO > f r o m & n y d r o t r e a t e d  P a r a h o  c r u d e .  The f u e l s  were 

P e t r o l e u m  JBP-5 w a s  o b t a i n e d  f'rom the  

' supylF,e.f  to, t h e  THRU Sy NMRI/TD i n  c lean  55-gallOn drums.  
I 

I 
TAfiLX '41. PHYSICAGCHEMICAL SPECIFICATIONS (MIL SPECS) 

FOR JP-5 JET FUEL 

D i s t i l l a t i o n  T e h e r a t u r e '  ( " C )  

. ' 10% Recovery  

Aromatics, Vol. I ,  Maximum 
O l e f i n s ,  Vol. %, Maximum 
S u l f u r ,  T o t a l  W e i g h t ,  % Maximum 
S u l f u r ,  M e r c a p t a n ,  Weight  'x 
Hydrogen C o n t e n t ,  Weight  5 ' , 
F r e e z i n g  P o i n t ,  OC, Maximum 
D e n s i t y ,  g/mL a t  15"C, Minimum 

Maximum 
F l w h p o i n t ,  OC, M i n i m u m  ' 

I n i t i a l  B d i l i n g  P o i n t  ' I )  

End P o i n t ,  Maximum T e m p e r a t u r e  

-- 
205" 
:29o0 

25 
5 

' 0.4 
0.001 

, 1 3 . 5  
-46 * 

0.788 
0 , 8 4 5  

I 1 60°  

! 

' 4  

, 
JP-5 C e n e r a t i g n  and Yonitorin# , I  

T h e  p e t r o l e u m  and  o i l  s h a l e  s t u d i e s  were b o t h  c o n d u c t e d  i n  
the same manner .  The b a s i c  d e s i g n  for t h e  JP-5  g e n e r a t i o n  sy:;tem 
was n d a p t e d  from t h e  p r e v i o u s  s t u d y  on JP-4. S i n c e  Jp-5 jet. a i r -  
c r a f t  f u e l  . is a mul t icomponen,  M t e r i a l  w i t h  a w i d e  b o T l i n g  
, r a n g e ,  ?.t W a 6  n e c e s s a r y '  t o  operate t h e .  a n i m a l  exposure  chambers 
from a s i n g l e  master g e n e r a t i o n  s y s t e m  t o . a s s u r e  s i m i l a r ' .  
e x p o s u r e .  
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I I ,  

I 

Two , i d , e n t i c a l l y  o p e r a t e d  s o l v e n t  evaporator tower,s were u s e d  
' t o  g e n e r a t e  f u e l  v a p o q  f o r  t h e  a s s i g n e d , ' , c h a m b e r  c o n c e n t r a t i o n s  

,wh,ich w e r e ' t h e n  c o n t r o l l e d  'by d i l u t i o n  in t h 6 , c h a m b e r  a i r  s u p p l y  I 

, s y s t e m .  . I  

. ,  

A Beckman Model 400 h y d r o c a r b o n  a n a l y z e r  was u s e d  for ,mess 

a n a l y z e r  by d i l u t i o n  qf t'le h i g h e r  JP-5 C o n c e n t r a t i o 3  chamber , 
s a m p l e  t o  a s i m i l a r ,  c o n c e n t r a t i o n  as  t h e  low c o n ' c e n t r a t i o n  u s i n g  
i n p u t  c h a m b e r  a i r  for d i l u e n t  a n d  a& ' t h e  source of b a s e l i n e  a i r .  

, a n a l s s i s .  Chamber c o n c e n t r a t i o c s  were a n a l y z e d  u s i n g  a s i n g l e  
I 

, 

I n  t h e  P e t r , o l e p  JP -5  s t u d y :  a Va, r la< ,  1200 g a s ,  k ,hromat ,ograpb  ' 

. , c o m p u t i n g  i n t e g r a t o r  was u s e d  for q u a l + t y  c o n t r o l  a n a l y s t s  of  
( G C )  'eqQip2ed w i t h  a FID de tec tor  a n d  a Spectra  P h y s i c s  Model  I 

each drum of f u e l  p r i o r  t o  u s e ,  a n a l y s i s  o f  s p e n t  f u e l  t o  nirnitl..;r 
g e n e r a t i o n  s y s t e m  o p e r a t i o n ,  a n d  c h a m b e r  a t m o s ' p h e r e  fingerprinr 

a 40OC.l , R o u t i n e  c h r o m 2 . t o g r a p h s  were l i m i t e d  t.0 p e a k s  e l u ' t e d  i r .  t h e . '  

I 
+ 

, ' a n a l y s i s .  ' T h e  GC w a , s  o p e r a t e d  i s o t h e r m a l l y  w i t h  t h e  o v e n  se't ,&i 

i i r s t  20 m i n u t e ? .  T h e  S h a l e  JP -5  s?udy employkc! a V a r i a n . 3 T U O ' G C  
' e q u i p p e d  w i t h  a FJ6 detector  a n d  a S k e c t r a  P h y s i c s  Mobkl I com- 

p u t i n g  i n t e g r a t o r .  

Animals  

I 

, 

Young,,  a d u l t  puqebr-zd b e a g l e  d o g s  were selected f r o m  a coi- 
o n y  m a i n t a i n e d  by t h e  A i r  . F o r c e  a t  W r i g h t - P a t t e r s o n  Air Force . .  
Base. , F i s c b e r  344 ra ts  (0-11 w e e k s  o l d )  were p u r c h a s e d  ,from 
C h a r l e s  R i v e r  a r e e d i n g  Laboratories (Wilrni3[ ' o n ,  M a s s a c h u s e t t s , ) .  
C57BL/6 m i c c ?  (9-11 w e e k s  old) were F u r c h a s e d  from J a c k s o n  L a b o r a -  
t o r i e s  (Bar K+rbur ,  k i n e ) .  T e s t  a n h a l s  were g a n g - c a g e d  by 
species i n  s t a i n l e s s  steel, wire-rnes,h c a g e s  d u r i n g  ' e x p o s u r e .  I 

Animals '  h a d  acdess t o  food ( P u r i n a ,  , St. . I  L O U I S ,  Y i s s a i r i )  and 
water ad  l i b i t u m .  
t i m e  food r e m a i n i n g  i n  t h e  feeders w a r ;  d . i . s c a r d e d  a n d  r e p l a c e d  
w i t h  a f r e s h  s u p p l y .  

A I  1 c a g e  areas w e r e ' c l e a n e d '  d a i l y  d u r i n g .  whlch 

I 

I /  

I 

G r o u p s  of d o g s ,  rats, .and mice ( T a b l e  4 2 )  were expfl-sed V i 8  

i n h a l a t i o n  t@ ? e t r o l e u m  o r  S h a l e  J P - 5  vapor c o n t i ' n u o r i s l v  f a r  a .  
p e r i o d  of 90 d e y s .  YXpoS1ires were c o n d u c t e d  on a 24-hOqr b , s . s i s  / '  

a n d  p e r s o n n e l  s ~ s r v i c i ~ g  t h e  c h a . m b e r F ,  d u r i n g  t h e  exp.??sure w e r ' ; ?  
p r o v i d e d  w i t h  r e s p i r a t o r y  f r o t e c t i o n  ,and d i s p o s a b l e  protective 
c l o t h i n g .  , E x p s u r e s  * e ~ e  c o n d u c t e d .  i n  2 5  m 3  Thomas E o m e  
i n h a l a t i o n  chanbers .  C o n t r o l  g r o u p s  were n a ' i n t a : l n e d  i n  Qfoclear;* 

9 2  

I .  



I '  

TABLE 42. ANIMA,L CROUPS 'EXPOSED TO EACH J P - 5  COXCENTRATION 
(CONTROL, 150 M G / M 3 ,  750 M C / M 3 )  

, 
I 

No. of No., of 
C o n t a m i n a n t '  4 A n i m a l  MA l e s  F e r a  1 e s 

I , 
P e t r o l e u m  JP-5.  ' B e a g l e  d o g s  3 '  3 

F i s c h e r  3 4 4  rats!  75 75 
C 5 7 B L / 6  mice -- ' l l l a  

g Shale  5P-5  .%sg le d o g s  " .  .. 3 3 

C 3 7 B L / E  ,mice -- 150 
75' ' I  '75 + 

, .  I . I  

. F ' i ' s c h e r  344 r a t s '  
1 1 ,  

, I  

I ,  0 

a Reduced  number o f  mice d u e  t o  r e i n i t i ' a t i o n  of e x p o s u r e .  
, .  

l a m i n a r  a i r  flow rooms' i n  a separa te  f a c i l i t y .  
l i m i t a t i o n s ,  male mice were not i n c l u d e d  ' i n  t h e ' e x p o s u r e .  

Upon t e r m i n a t i o n  of t h e  90 -day  e x p o s u r e  p e r i o d ,  a l l  of '  the 
' dogs  a n d  1 / 3 , o f  t h e  r o d e n t s  were k i l l e d  for de'tection of 
p a t h o l . o g i c  l e s i o n s  c a u s e d  by e x p o s u r e .  The r e m a i n i n g  r o d e n t s  ' 

were h e > d  for l o n g - t e r m  p o s t e x p o s u r e  o b s e r v a t i o n .  An i n t e r i m  
s a c r i f i c e  vas c 0 n d u c t e . d '  a t  (19 m o n t h s  p o s t e x p o s u r e ,  w i t h  la f i n a l  
s a c ' r i f i c e  d u r i n g  t h e  2 4 t h  m o n t h  of t h e  s t u d y .  

Because1 of space 
. 

.+ __ ,. .-~,."-.*..~ ..... ~ .... _ - . - ~  _--. ' ...__-.- >- --._ "_ I . .... _. , , . __ . . 

' 

4 3  1 ,  

. A l l ' a n i m a l s  were c a r e f u l l y  o b s e r v e d  t h r o u g ' h o u t  t h e  e x p o s u r e  ' r  

. ,  a n d  p o s t e x p o s u r e  p e r i o d s  for s i g n s  of a l te red  p h y s i c a l  c o n d i t i o n .  
Rats a n d  d o g s  were weighed i n d i v i d u a l l y  a t  b i w e e k l y  I n t e r v a l s  
d u r i n g  e x p o s u r e ,  a n d  rats were w e i g h e d  m o n t h l y  d u r i n g  t h e  pos t -  
e x ' p o s u r e  p e r i o d .  Mice were w e i g h e d  m o n t h l y  t h r ' o u g h o u t :  t h e  s t u d y ,  
a n d  t h e , g r o u p  mean w e i g h t s  were m o n i t o r e d .  A l l  a n i m a , l s  t h a t  d i e d  
or were k i l . l e d ,  were n e c r o p s i e d  and a p p r o x i m a t e l y  38 t i s s u e s  were 
col lected f o r  h i s , t o p a t h o l o g i c  e x a m i n a t i o c .  T h e  l i v e r ,  s p l e e n ,  
a n d . . k i d n e y s  of i n d i v i d u a l  r a t s  wefe w e i g h e d  d u r i n g  n e c r o p s y  a t  

' e x p o s u r e  t e r m i n a t i o n  a n d  19 m,on ths  p o s t e x p o s t r e .  L i v e r ,  s p l e e n ,  
a n d  k i d n e y  w e i g h t s  of d o g s  i n  t h e  S h a l e  J P - 5  s t u d y  were a l s o  
meamred. ' Dog red blood'"'cel1 osmotic f r a g i l i t y  tests were I 

c o n d u c t e d  a t  e x p o s u r e  t e r m i n a t i o n .  Blood samples  were d r a w n  f r o m  
f a s t e d  d o g s  b i w e e k l y  a n d  from f a s t e d  rats  a t  e x p o s u r e  t e r r n i n a t i 0 . n  
a n d  i n t e r i m  n e c r o p s y  f o r ,  h e m a t o l o g y  a n d  c l i n i c a l  c h e m i s t r y  t e s t s .  

D a t a  A n a l y s i s  

Body w e i g h t s ,  b l o o d  t e s t  r e s u l t s ,  a n d  o r g a n  w e i g h t s  were 
a n a l y z e d  by a n  i n d e p e n d e n t  t - tes t ,  a n d  a F i s h e r  e x a c t  t es t  w a s  
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u s e d  t o  a n a l y z e '  t h e  i n c i d e n c e  of h i s t o p a t h o l o g f c  l e s i o n s  ( Z a r ;  
1 9 7 4 ) .  

RESULTS 
. .  

, I  A n a l y t i c a l  

I n i t i a l l y ,  a n i m a l  e x p o s u r e s  to, J P - 5  v a p o r s  were i n t e n d e d  t o '  

c s n t r P . t i o n s  e q u a l  t o  10 ppm a n d  1, ppm. In ,  p r e l i m i n a r y  te!3ts o f  I .  , , 
P e t r o l e u m  .lP-5 v a p o r  g e n e r a t i o n  i n  t h e  e x p o s u r e  c h a m b e r s ,  i t  was 
d e t e r n i n e d  t h a t  e v e n  t h o u g h  m i l i t a r y  S p e c i f i c a t i o n s .  f o r  r e f i n i n g  

b e  b a s e d  o n  a i r  c o n c e b t r a t i o n s  $ h a t  would  r e s u l t  i n  b e n z e n e  con- , I  

, ' o f  JP-5 f u e l  p e r m i t t e d  u p  t o  25% aromatic h y d r o c a r b o n  c o n t e n t ,  
' t h e  m e a s u r e d  b e n z e n e . '  c o n t e n t '  w a s  v e r y  l o w .  T h e  h i g P , e s t  b e n z e n e  

c o n c e n t r a t i o n s  w e ,  w'er'e , . .  ' a b l e  , t o  . _ l _  a c h i e v e  i n  t h e  e x p o s u r e  'chambe'r 
r a n g e d  f r o m  0.5 ppm to ,  0.7 ppm. T h e s e  l e v e ' l s  we& r e a c h e d  a t  a ' 

p e t r o l e u m .  J D - 5  v a p o r  c o n c e n t r a t i o n  o f  1500 ng/ rn3 ,  which  a l s o  was 
t h e  h i g h e s t  s t a b l e  c o n c e n t r a t i o n  a t t a i n a b l e .  

S h o r t l y  a , f t e r  i n i t i a t i o n ,  u n e x p e c t e d  d e a t h s  o c c u r r e d  i n  t h e  
, e x p o s e d  mice e x p o s e d  t o  1500 mg/m3 P e t r o l e u m  JP-5.  S e v e n t y - f i v e  

of t h e  g r o u p  g f  150 mice w e r e  d e a d  by t h e  e n d  of 6 e x p o s u r e  d a y s .  
' Dogs w e r e ' l e t h a r g i c  a n d  a p p e a r e d  t o  be s l e e p i n ' g  more t h a n  n o r m a l .  

O i l y  d e p o s i t 5  we,re n o t i c e a b l e  o n  t h e  f u r  of b o t h  s p e c i e s  a n d ,  'in 
a d d i t i o n ,  o i l  depos'its were seen o n  t h e  c h a m b e r  windows.  Exami- . 1 

n a t i o n  o f  t h e  d a i l y  !records f r o m  t h e  h y d r o c a r b o n  a n a l y z e r  showed 

I 

' 

1 

' .no s i g n i f i c a n t  d e v i a t i o n  f r o m  t h e  d e s i r e d  c o h c e n t r a t i o n  o f  1500 
, mg,lm3 JP-5.  T h i s  e v i d e n c e  s u q g a s t e d  t h a t  g e n e r a . t i o n  o f  t h i s .  

c o n c e n t r a t i o n  of Petroleum~ JP-5 w a s  p r o d u c i n g  a n  aeros,ol whi,ch 
w a s  l e t h a l  t o  mice a f t e , r ,  a f e w  d a y s  ' e x p o s u r e .  

T h e  rate of i n t r o d u c t i o n  of JP-5 i n t o  t h e  1500 m g / m 3 ,  c h a m b e r  
, ' was s u b s e q u e n t l y  lowered t o  g i v e  a c h a m b e r  c o n c e n t r a t i o n  o f  750 

, rng/m3. T h i s  r e s u l t e d  i n  a n  e x p o s u r e  a t m o s p h e r e  t h a t  h a d  n o  
v i s i b l e ' a e r o s o l  a,nd t h e  p a r t i c l e  c o u n t s  were o n l y  s l i g h t l y  . h i g h e r  
t h a n  room a i r ,  a s . m e a s u r e d  b y  a Royco p a r t i c l e  c o u n t e r .  

I ,  I. I ,  

Based o n  t h e  e v i d e n c e  , t h & t  P e t r o l e u x  J P - 5  c o n c e n t r a t i o n s  of 
1500 mg/m3 p r o d u c e d  a n  aerosol e x p o s u r e  t h a t  was f a t a l  t o  mice 
a f t e r ,  s e v e r a l  d a y s ,  t h e  i n i t i a l  s t u d y  was t e r m i n a t e d .  N e w ' J P - 5  

were selected.  A new g r o u p ' o f  d o g s  was c h o s e n  from t h e  o r i g i n a l  
s t o c k  g r o u p  f:.' u s e  i n  t h e  P e t r o l e u m  JP-5  e x p o s u r e .  The  number 
of  m i c k  i n ,  e a c h  g r o u p  h a d  , to be r e d u c e d  t o  a v o i d  d e l a y s  f r o m  
o r d e r i , n g  n e w  a n i m a l s .  S p a r - e  mice f r o m  t h . e  o r i g i n a l  lo t  were 
a v a i l a b l e  a n d  were i n c o r p o r a t e d  i n t o  t h e  p o o l  f o r  r e d i s t r i b u t i o n  
o f  t h e  e x p o s u r e  g r o u p s .  Each  P e t r o l e u m  JP-5  s t u d y  g r o u p  t h e n  

s u b c h r o n i c  e x p o s u r e  c o n c e n t r a t i o n s  o f  750 ng/m3 a n d ' l 5 0  n ~ g / r n ' ~  ' t  



, 

d 

c o n s i s t e d  of 1 1 1  mice i n s t e a d  of t h e  o r i p i n a l ' l 5 0 .  A t  t h e , t i r n e  
of t h e  e a r l y  t e r m i n a t i o n ,  t h e  r a t s ,  had  n u t  y e t  e n t e r e d  t h e  
, e x p o s u r e  chambers. T h e y  ,were t h e r e f o r e  r a i n t a i n e d  u n t i l  t h e  

8 P e t r o l e u r n  JP-5 s t u d y  was r e s t a r t e d .  R e d u c t i o n  o f  t h e  c o n c e n t r R -  
t i o n  a l l o w e d  t h e  P e t r o l e u m  J P - 5  s t u d y  t o  be c o n d u c t e d  w i t h o u t  , 
f u r t h e r  i n c i d e n t .  E x p o s u r e s  were w e l l  c o n t r o l l e d  t h r o u g h o u t  b o t h  
s t u d i e s  w i t h  d a i l y  mean v a l u e s  r a n g i n g  w i t h i n  5% of c h e  t a r g e t  
c h a m b e r  c o n c e n :  r a t  i o n s .  

0 1  

1 

G a s  c h r o m a t o g r a p h i c *  a n a l y s e s ,  p e r f o r m e , d  d u r i n g  t h e  P e t r o l e u m  . .. 
4 I :, J P - 5  s t u d y  wer.e i n t e n d e d  o n l y  t o  d e t e k m l n e .  t h e  b e n z e n e ,  c o n c e n t , r a -  

t i o n .  Use o f  t h i s  method s h 0 w e d . a  b e n z e n e  c o n c e n t r a t i o n  i n  t h e  
., 

150 mg/m3 e x p o s u r e  chamber r v e r a g i n g  a b o u ' t  - 0  ..1 ppm,, ( r a n g e :  
,- 0.12 ppm). .  T h e  7 5 0 , m g / m 3  chamber c o n t a i n e d  a p p r o x i m a t e l y  0.5 ' 4 

l i m i t a t i o n s  i m p o s e d  on t h e  g e n e r a t i o n  towers the re  w a s  a se l ic -  

0.06 , .  

ppm ( r a n g e :  ' 0.33 - 0,.57 ppm). . T h e  u s e  o f ,  a s i n g l e  pa,ss vapor 
g e n e r a t i o n  s y s t e m  i n  t h i s  s t u d y  r ' e s u l t e d  i n  t h e  v a p o r i z a t i o n  of 
a b o u t  8% .of t h e  t o t a l  f u e , l  mass. B e c a u s e  of t h e  t e m p y r a t u r e  

t ' i v e  v a p o r i z a t i o n '  of the more v o i a t i l e  c o m p o n e n t s  o f  JP-5. '  
s l i g h t l y  d i f f e r e n t  GC t , e c h n i q u e  u s e d  i n  t h e  Shale JP-5 s t u d y  
e s t a b l i s h e d  t h a t  t h e  m a j o r i t y  of , t h e  c o n s t i t u e n t s  i n  t h e  chamber 
we're b e t w e e n  Cio a n d  (214. 

, 

. .  

- T,he ' 

T h i s  t y p e  of s p e c i f i c  a n a l y s i s  whs n o t  
. c o n d u c t e ' d  i n ' t h e  P e t r o l e u m  J P - 5  s t u d y :  

, 
I ,  I 

* '  Dogs 
, I  

T h e  g r o w t h  of beagle  d o g s  e x p o s e d  t o  e i t h e r  P e t r o l e u m  'or , 
Shale  J P - 5  was u n a f f e c t e d  b y  90 d a y s  of c o n t i n u o u s  e x p o s u r e ,  a n d  
n o  d e a t h s  r e s u l t e d  f r o m  exposure  t o  e i t h e r  f u e l .  1 

I 

Dogs e x p o s e d  t o  P e t r o l e u m  J P - 5  f o r  90 d a y s  h a d  i n c r e a s e d  re 'd ,  
blood c e l l  osmoti'c . f r a g i l i t y  ,when compared t o  c o n t r o l s  ( F i g u r e  
3). A l t h o u g h  t h e r e  was a, s l i g h t  s h i f t  i n  t h e  c u r v e  t o w a r d  i n -  
c r e a s e d  f r a g i l i t y  f o r  t h e  d o g s  e x p o s e d  t o  750 mg/m3 S h a l e  J P - 5 ,  
t h e  d i f f e ' r e n c e  from t h e  c o n t r o l  v a l u e s ' w a s  n o t  s i g n i f i c a n t  a t  ' 

i 

I ,  

' I  

p < Q.05. S l i g h t l y  d e c r e a s e d  red b lood  c e l l  c o u n t s ,  hema toc r i t ,  s ,  

a n d  h e t z o g l o b i n  l e v e l s  were s e e n  ' i n  d o g s  e x p o s e d  t o  e i t h e r  P e t r o -  , i .. 

l e u m  or S h a J e  J P - 5  a t  750 m g / m 3 . w h e n  c o m p a r e d  to r e s p e c t i v e  c o n -  
t r o l s . .  A l t h o u g h , t h i s  was a p e r s i s t e n t  t r ' e n d ,  t h e  d i f f e r e n c e s  
were n o t  a l w a y s  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  p < 0,05. A l . 1  o t h e r  
h e m a t a l o g i c  a n d  c l i n i c a l  c h e m i s t r y  parameters m e a s u r e d .  were w e l l ,  
w i t h i n  n o r m a l  l i m i t s  a n d  f a i l e d  t o  show a n y  c o n s i s t e n t  e x p o s u r e  
r e l a t e d  e f d e c t .  I ,  

I n c r e a s e d  l i v e r  w e i g h t  w a s  n o t e d  i n  d o g s  e x p o s e d  t o  750 
! m g / m 3  Shale J i - 5 .  T h e  i n c r e a s e  was n o t  e v i d e n t  i n , t h e  d o g s  

! , 
' ' I 
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F i g u r e  3. E f f e c t  of JP-5 vapor exposure  on dog red blood cell 
osmotic f r a g i l i t y .  

, 
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I '  

e x p o s e d  t o  150 mg/m3 S h a l e  JP-5.  O r g a n  w e i g h t s  were n o t  m e a s u r e d  
i n  d o g s  e x p o s e d  t o  P e t r o l e u m  J P - 5 .  

T h e  m a j o r i t y  o f  t h e  l e s i o n s  n o t e d  i n  t h e  T i s s u e s  of d o g s  
e x p o s e d  t o  e i t h e r  P e t r o l e u m  or S h a l e  J P - 5  were n o t  e x p o s u r e  
r e l a t e d ,  o c c u r r i n g  w i t h  4 q u a l  d i s t r i b u t i o n  among a l l  g r o u p s .  Tlie 
only ' e x c e p t i o n  w a s  d i f f u s e ,  c l o u d y  s w e l l i n g  of h e p a t o c y t e s  o f  do::$ 
e x p o s e d  t o  P e t r o l e u m  JP-5 .  T h i s  o c c u r r e d  i n  a l l  dogs  e x p o s e d  t.0 

750 mg/m3, 2 o f  .the 6 d o g s  e x p o s e d  t o  150 mg/m3, a n d  n o n e  of t h e  
c ,ontrols .  A f f e c t e d  h e p a t o c y t e s  were m o d e r a t e l y  s w o l l e n ,  p a l e ,  

e x a m i n a t i o n  o f  a small numbei  o f '  t he se '  ' l i v e r s  i n d i c a t e &  t h i s  t o  ' 

b e  e x c e s s i v e  g l y c o g e n  a c c u m u l a t i o n .  

I ,  a n d  h a d  a ':foamy" , , c y t o p l a s m .  T r a n s m i s s i o n  e l e c t r o n  m i p r o s c o p i c  

> ,  

. .  . I .  

Yice  , 

. .  E x p o s u r e  o f  mice t o  P e t r o l e m  JP-5  p r o d u c e 9  a s l i g h t l y  
s h o r t e r  mean s u r v i v a l  t i m e  when c o m p a r e d  t o  t h e i r  c o n t r o l  

' H o w e v e r ,  t h e  c o n t r o l  g r o u p  i n  t h e  p e t r o l e u m  s t u d y  s u r v i v e d  
1 ,  g r o u p .  T h i s  e f f e c t  was n o t  s e e n  i n  S h a . l e . J P - 5  e x p o s e d . m i c e .  I 

a p p r o x i m a t e l y  2 . 5 . m o n t h s ,  l o n g e r  t h a n  t h e  c o n t r o l  g r o u p  i n  t ' h e  
sha l e  s t u d y ,  a n d  t h e  s u r v i v a l  t i m e  of t h e  750 mg/m3 P e t r o l c u m  
JP-5 e x p o s u r e  g r o u p  was n o t  i n c o n s i s t e n t  w i t h  a n y  of t h e  o t h e r  
g r o u p s .  , 

I *  

t ,  

Mouse body w e i g h t s  were ' u n a f f e c t e d  b y  e x p o s u r e  t o  ' e i t h e r  

I 

P e t r o l e u m  or Shale  JP-5.  
I , I  

, H e p a t o c e l l u l a r  f a t t y  c h a n g e  a n d  v a c u o l i z a t i o n  w e r e  t h e  o n l y  
remarkable f i n d i n g s  i n  mouse  t i s s u e s  e x a m i n e d  a t  t h e  c o m p l e t i o n '  
o f  ' t h e . 9 0 - d a y  e x p o s u r e  p e r i o d .  A l t h o u g h  hos t  o f  t h e  mice e x p o s e d ,  
t o  e i t h e r  P e t r o l e u m  or' Sqale JP-5 d i s p l a y e d  f a t t y  l i v e r s  a f t e r  90 
d a y s  o f  e x p o s u r e ,  t h e  i n c i d e n c e  was, n o t  d o s e  r e l a t e d .  , 

The major h i s t o p a t h o l o g i c  c h a n g e s  n o t e d  i n  mice h e l d  f o r '  
p o s t e x p o s u r e  o . b s e r v a t i o n  a r e  shown . i n  T a b i e  43'. The lis 't  has  

, b e e n  a b b r e v i a t e d  by e x c l u d i n g  ccmmon l e s i o n s  t h a t  ' a p p e a r e d  w i t h  
l'ow i n c i d e n c e ' .  C h r o n i c  d e r m a l  i n f l a m m a t i o n  a n d  u l c e r a t i o n  were 
common o b s e r v a t i o n s  i n  a l l  g r o u p s .  However ,  u l c e r s t i o n  d i d  o c c u r  
w i t h  a g r e a t e r  f r e q u e n c y  i n  t h e  n i c e  e x p o s e d  t o  750 mgjrn3 JP-5.  
The a p p e a r a n c e  of g r a n u l o c y t i c  h y p e r p l a s i a  of t h e  b o n e  marrow was 
also c o m m o n . i n  a l l  e x p o s , u r e  g r o u p s  a n a  o f t e n  c o r r e s p o n d e d  w i t h  

' 

L t h e  p r e s e n c e  of u l c e r a t i v e  dermatit is .  

L e s i o n s  n o t e d  i n  t h e  r e s p i r a t o r y  s y s t e m  o f  c o n t r o l  a n d  
e x p o s e d  m i c e b i n c l u d e d  c y t o p l a s m i c  h y a l i n e  c h a n g e  i n  t h e  n o s e  a n d  
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TABLE 43. HISTOPATHOLOGIC LESIONSR I N  M I C E  HELP FOR 
POSTEXPOSURE OBSERVATION AFTER 0 0  DAYS OF I 

CONTINUOUS INHALATION EXPOSURE TO JP-'5 

6 . 1 ~  JP-s Petroleum JP-5 - 
~ o n c r n t r r t  tnn  ( m g / n t ) )  

0 150 750 7tssue 

Skln 
UIccr 
In Y 1 a m  t ton 

- 
1 3 / 6 6  ( 2 0 ) '  
8/66 ( 1 2 )  

11/90 ( 1 2 )  23/96 ( 2 4 )  24 /93  ( 2 6 ) b  
3/90 ( 3 )  1/96 ( 1 )  Or93 ( 1 )  

Ron* Marrw- 
Cranu loci t I c h y p e r p l i ' s  t 
F I broa 1 n 

2 6 / 6 5  640) 16 /21  
1/65 ( 2 )  1/61 

I , ,  

I 9 / 6 R  ( 2 8 )  8 / 6 8  ( 

2/70 ( 3 )  5/67 
2 6 / 7 0  (37 )  1 1 / 6 7  

8 5 /70 ( 7 )  1/67 
0170 (0) 1/67 

I ,  , I  

R e s p l r a t a r y  
None - h y a l l n c  d e g e n e r a t i o n  
t u n g  - 
I n f  l i m t  f or, 
c r y n t a l s  
a )  v c o l i r  ' a d e n a u  
alveolar c a r c l n -  

L l r e r  
C l e a r  ce l l  f o c u s  
F a t t y  Change .. 
~skrosls 
Carctnorn I 

Adrnowu 

- 

23/93 ( 2 5 1  8 /91  ( 8 )  I / Y ~  
1 /93  ( 1 )  2/97 ( 2 )  2/3ti 
2/93 ( 2 )  0/97 ( 0 )  1/96 

'2/93 ( 2 )  1 2 / 9 7 . ( 1 2 ) b  4 /95  
57/93 (51 )  56/97 ( 5 8 )  66/Y5 

2 / 9 3 '  ( 2 )  0/97 ( 0 )  0 /95  
@/93 (0) 1/97 ( I )  6 / 9 5  

8/#93 ( 9 )  5/97 ( 5 )  5/95, 

0 / 6 9  (0) O / R 9  
41/69 (59 )  28/69 

' U r t n a r y  
Kldncy - menbranous  

' 19/93 ( 2 0 )  11/97 ( 1 4 ) ~  19/96.  
6/93 ( 6 )  0197 ( 0 ) b  1/96 
4 /93  ( 4 )  3/97 (3) 7 /96  

1 )  g 1 o w  ru  l o n c p h r l  t t s 
, hy8llne d c g r n s r n t t o n  

ly+ronephrosio 

S;6S (9)  
5/69 ( 3 )  
3/59  ( 4 )  

Reprnductlve I E n d o c r i n e  

Uterus - c n d o n t r l r l  c y s t  
F t t u l $ r r r  - a d r n o m r  

I h y r o l d  - 
aden- 
caqcl  n o w  
p a p i l l a r y  h y p c r p ~ l n r t a  

' O v a r t e s  - c y s t  

- c irctnom 

h r a t h y r o t d ,  - adrn,onu 

k d r e n a l  - c a r c l n o a u  
- h y p r r p l n s l a  

, I - p h ~ h o n o c y t 0 n m  

11/13 ( 1 7 )  

28/54 (52 )  
01.54 ( 0 )  

,*/sa ( 1 2 )  

1/68 ( 1 )  

I b )  17/93 ( 1 8 )  I 13/98 I 4 )  I 

31/93 ( 3 3 I b  
38/76 ( 5 )  

2/76 (3)' . 

17/94 
46/91 
49/82 
15/62 

9/91 
I 191 

71/91 
0152 

' 1/52  
. 1/95 

1 /95  

40/91 

OJ 90 

14/89 

38 '9 I 

37/84 

L y n o h o r r r l c u l r r  
Y@il;gnant lymph-s , 44) 30/94 ( 3 2 )  25/95 ( 2 6 ) b  9/71 ( 1 3 )  

D l g e s t  l s c  
S t p n c h - u l c e r  

G a l l b l a d d e r  ' 

H y n l l n t  d e g m e r a t l o n  8 / 5 2  ( 1 5 )  , 

' Spleen 
Hcmr topol es Is, 29/69 (42; 28/67 (39 )  

' 6 1 6 5  (91 0/63 ( 0 I b  

29/64 ( 4 5 )  

S a I I r 8 r y  G!and 
P c r l v i f i c u l 8 r  cufltng 9/64 (14 )  

f4unbrr obscrved/Wumber cranlncd ( I ) .  
Dlffercnt f r w  control. p < 0 . 0 5 .  
Dtt*-rent from c o n t r o l .  D G 0.01. 
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. .  , ,  
. . _ . .  

$ 1  
# '  

i n f l a m m a t o r y  p r o c e s s e s  i n  t h e  l u n g ,  i n c l u d i n g  ' t h e  c o m b i n e d  d iag-  
noses o f  a c u t e  a n d  c h r o n i c  i n f l a m m a t i o n ,  p e r i v a s c u , l a r  c u f f i n g ,  

i n f l a m m a t i o n ,  a n d  a l v e o l a r  m a c r o p h a g e s .  These l e s i o n s  were more , 

f r e q u e n t l y  n o t e d  i n  t h e  g r o u p  of mice u s e d  i n  t h e  S h a l e  JP-5 ' 

' s t u d y .  Most i m p o r t a n t l y ,  p r i m a r y  l u n g  tumors were n o t  i n c r e a s e d  I 

i n  mice e x p o s e d  t o  e i t h e r  P e t r o l e u m  or S h a l e  JP-5  ' compared  t o  

. I -  l y m p h o c y , t i c  i n f i l t r a t e s ,  i n t e r s t i t i a l  i n f l a m m a t i o n ,  g r a n u l o m a t o u s  ' 4  

.. .. 
, ' , I ,  !j -.. 1 ' , r e s p e c t i v e  c o n t r o l s .  

I S i x  h e p a t o c e l l u l a r  adenomas,  were o b s e r v e d  i n  t h e  f ' e m a l e  m i c e ,  
e 'xpos,ed t o  ?50  mg/m3 ' S h a l e  JP-5  w h i l e  n o  p r i m a r y  l i v e r ,  c e l l  I 

' i n  mice e x p o s e d  t o  P e t r o l e u m  J P - 5  a t  750 mg/m3, whi1.e  3 o f  t h e  71  
H e p a t o c e l l u l a r  

tum,ors were o b s e r v e d  i'n c o n t r o l s .  L i v e r  a d e n o ' k a s  were no't  s e e n  ' .  a .  

a , r e s p e c t i v e  c o n t r o l  mice d e v e l o p e d  ' l i v e r  a d e n o m a s .  
1 , f a t t y  c h a n g e  was commonly d i a g n o s e d  i n  a l l  g r o u p s  of mice ;i ' e x a m i n e d  p o s t e x p o s u r e .  ( .  

, s ,:--J 

L e s i o n s  n o t e d  i n  t h e  u r i n a r y  s y s t e m  were ' g e n e r a l l y  u n r e m a r k -  
ab1 ,e .  A l l  g r o u p s  d e m o n s t r a t e d  a m o d e r a t e  i n c i d e n c e  of membranous 
g l o m e r u l o n e p h r i t i s .  F r e q u e n c y  of t h i s  c h a n g e  was s l i g h t l y  g r e a t -  
e r  i n  , t h e  Shale J P - 5  s t u d y .  T h i s  was l d i a g n o s e d  when t h e  ' g l o m e r u -  

' l a r  c a p i l l a r y  t u f t q a p p e a r e d  m a r k e d l y  ' t h i c k e n e d  w i t h  homogenous ,  ' 

e o s i n o p h i l i c  d e p o s i t s .  I n  some cases these d e p o s i t s  may h a v e  
' . been a m y l o i d  f i b r i l s  w h i l e  i n  o t h e r  a n i m a l s ,  immune c o m p l e x  d e p o -  

s i t i o n  associated, w i t h  m u r i n e , o n c o r n a v i r u s  i n f e c t i o n  was p r o b a b l y  , I  

J P - 5  e x p o s e d  mice.' 

' ,  

I 

r e s p o n s i b l e .  Tumors of t h e  k i d n e y  were ' n o t  s e e n  I .  i n  a n y  o f  t h e  . .  

,-.> 

.*. 
I * - ;  

. , r.; 

O v a r i a n  a n d  u t e r i n e  c y s t i c  c h a n g e s  were p r e s e n t  w i t h . h i g h  . '  

;j 

,.:. ' 

f r e q u e , n c y  a n d  v a r i a b l e  d i s t r i b u t i o n  among a l l  g r o u p s .  P . i t q i t a r y  
a n d  t h y r o i d  f o 1 , l i c u l a r  a d e n o m a s  were also common i n  a l l  g r o u p s .  -. 

* -. - 5  

t Adren 'a l  tumors were n o t e d  o n l y  i n  2 c o n t r o l  mice i n  t h e  S h a l e  
n . *  .- --. ' 

k. 

I ,  

' JP-5 S t u d y .  
' T  ( .  

1 '  

' T h e  o t h e r ,  l e s i o n s  n o t e d  w i t h  some f r e q u e n c y ,  i n  mice i n c l u d e d , ,  

-. g a l l b i a d d e r  h y a l i n e  d e g e n e r a t i o n , '  s p l e n i c  h e m a t o p o i e s i s ,  m a l i g -  
. n a n t  lymphomas,  a n d  s a l i v a r y  g l a n d  p e r i v a s c u l a r  c u f f i n g , . .  T h e s e  

increased i n c i d e n c e  i n  t h e  e x p o s e d  g r o u p s  c o m p a r e d  t o  c o n t r o l s  i s  
c o n s i d e r e d  t o  b e  i n c i d e n t a l .  

j .  

..I 

a re g e n e r a Z l y  r e g a r d e d )  .as ' t y p i c a l  o f  a g f n g  , a n d  t h e  o c c a s i o n a l  . .  
. .  

.* 
I .  

I : r  - - ,  
I 1  

Rats 
I 

E x p o s u r e  t o  e i t h e r  P e t r o l e u m  or Shale  JP-5  d i d  n o t  a d v e r s e l y  
a f f e c t  s u r v i v a l  of r a t s .  The mean s u r v i v a l  t i m e  f o r  a l l  g r o u p s  
i n  each s t u d y  was ' a p p r o x i m a t e l y  22 m o n t h s .  
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D e p r e s s , e d  w e i g h t  g a i n s  were n o t e d  i n  male rats e x p o s e d  t o  
l t h e r  P e t r o l e u m  or. S h a l e  J P - 5 .  The w e i g h t s  of male ra t s  e x p o s e d  

t o  750 mg/m3 P e t r o l e u m  JP-5  v a p o r  were s i g n i f i c a n t l y  ( p  < 0.01) 
l e s s  t h a n  u n e x p o s e d  c o n t r o l  male r a t s  t h r o u g h  t h e  e x p o s u r e  a n d  
p o s t e x p o s u r e  p h a s e s  o f  t h e  s t u d y .  
P e t r o l e u m  J P - 5  v a p o r  a l s o  w e i g h e d  s i g n i f i c a n t l y  ( p  < 0.01) less 
than u n e x p o s e d  c o n t r o l  r a t s .  However ,  t h i s  d i f f e r e n c e  c o n t i n u e d  ' 

only t h r o u g h  t h e ' l 6 t h ' m o n t h  o f  t h e  s t u d y  a t  w h i c h  t i m e  t n e ,  
' 

w e i g h ' t s  of t h i s  e x p o , s u r e  g r o u p  r e t u r n e d  t o  t h e  l ' e v e l  of t h e  
u n e x p o s e d  ' c o n t r o l  r a t s .  B o t h  g r o u , p s  of S h a l e  J P - 5  r a t s  w e i g h e d  

e x p o s u r e ,  and ~ p o s t e x p o s ~ u r e  , p e r i o d s , ,  w i t h  t h e ,  w e i g h t s  g e n e r a l l y  
f o l l o w i n g  a dose r e s p o n s e  p a t t e r n , .  E x p o s u r e  t o  P e t r o l e u m  JP-5 
h a d  no e f f e c t  on f e m a l e  r a t  g ' rowth .  

,; p r o d u c e d  s l i g h t  b u t ,  s t a t i s t i c a l l y  s i g n i f i c a n t  ( p  < 0 .05 )  r e d u c e d  
I g r o w t h  t h r o u g h  e x p o s u r e  a n d  p o s t e x p o s u r e  p e r i o d s . .  

' 
Male r a t s  e x p o s e d  t o  150 m g ( m 3 '  

. s i g n i f i c a n t l y  ( p  < 0.05) less t h a n  cont ro ls  t h r o u g h o u t  t h e  

, S h a l e  J P - 5  a t  750 m g / m 3  

A s l i g h t  bu t  s t a t i s t i c a l l y  s i g n i f i c a n t  i n k r e a s e  i n  r e l a t i v e  
. .  

k i d n e y  w e i g h t  w a s  n o t 8 e d  a t  b o t h  t h e  e x p o s u r e  t e r m i n a t i o n  a n d ,  
p o s t e x p o s u r e  e x a m i n a t i o n s  i n  male r a t s  e x p o s e d  ' t o  e i t h e r  

. P e t r o l e u m  or Shale J P - 5 . a t  750 mg/m3. 'Qis e f f e c t  was n o t  dose ' 

re la ted  as  t h e  k i d n e y s  o f '  male r a t s  e x p G s e d  t p  JP -5  a t '  t h e  lower 

r P s p e c t i v e  c o n t r o l  g r o u p  r a t h e r  t h a n  g r e a t e r .  A t  &19 m o n t h s  

P e t r o l e u m  J P - 5  s t u d y  were u n u s u a l l y  l a r g e  (42,'39, aqd 17 g). 
O t h e r  c h a n g e s  no ted  i n  J P - 5  e x p o s e d  male r a t  o r g a n  w e i g h t s  were 

w e  i g h  t s were u n r  ema r k a b  1 e. 

, .  
' 150 m ' g / m 3  c o n c e n t r a t i o n  , g e n e r a l l y  w e i g h e d  . l ess  t h a n  t h e  

, p o s t e x p o s u r e  t h e  spleens of 3 c o n t r o l  male r a t s  f r o m ' t h e  

e ,  sporadic  a n d  were c o n s i d e r e d  i n c i d e n t a l .  F e m a l e  r a t . o r g a n  

, !  4 

Male r a t  h e m a t o l o g y ;  B U N ,  a n d  c i e a t i n i n e  v a l u e s  were 
m e a s u r e d  d u r i n g  t h e  s t u d y .  A l t h o u g h  a l l  of t h e  v a l u e s  d e t e r m i n e d  
a t  e x p o s u r e  t e r m i n a t S o n  were w i t h i n  n o r m a l  v a r i a t i o n  for t h i s  
species,  there  were some t r e n d s  t h a t  were c o n s i s t e n t  w i t h  t h o s e  

s t a t i s t i c a l l y  s i g n i f i c a n t  ( p  < r.O1) r e d u c t i o n s  i n  red b l o o d  c e l l  
( c o u n t s ,  hema toc r i t ,  a n d  h e m G g l o b i n  , l e v e l s  were n o t e d  i n  JP-5 I 

e x p o s e d  male rats e x a m i n e d  ' a t  e x p o s u r e  t e r m i n a t i o n .  BUN l e v e ' l s  , 
were a l so  i n c r e a s e d  a t  t h a t  t i m e  i n  male ra t s  e x p o s e d  a t  t h e  750 

1 m e n t i o n e d  p r e v i o u s l y  f o r  d o g  b l o o d  e x a m i n a t i o n s .  S l i g h t  b u t  

rng/m3, J P - 5  l e v e l .  E x a m i n a t i o n  a t  19 m o n t h s  d i d  not i n d i c a t e  
c o n s i s t e n t  r e d u c t i o n s  i n  e r y t h r o c y t e  parameters. 'The 3 male 
c o n t r o l  r a t s  from t h e  P e t r o l e u m  J P - 5  s t u d y  t h a t  h a d  a b n o r m a l l y  
l a r g e  s p l e e n s  h a d  WBC c o u n t s  i n  e x c e s s  o f  48,000 c e l l J m 3 .  In 
these ra t s  80-901 of t h e  WBC's were l e v k e m i c  m o n o n u c l e a r  cells.  
Blood v a l u e s  from t hese  r a t s  were exc-acted from s t a t i s t i c a l  , 
c o m p a r i s o n .  WBC a b n o r m a l i t i e s  of t h i s  t y p e  w e i e  n d t  f o u n d  i n  
P e t r o l e u m  JP-5 e x p o s e d  male ra ts  nor i n  male r a t s  f r o m  t h e  S h a l e  
JP-5 s t u d y .  A l t h o u g h  BUN l e v e l s  for t h e  750 m g / m 3  J P - 5  e x p o s u r e .  
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g r o u p s  were g r e a t e r  t h a n  c o n t r o l s  a t  191 m o n t h s  p o s t e x p o s u r e ,  t h e y  
were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  O t h e r  , b l o o d  parameters 
m e a s u r e d  i n  male a n d  f e r a l e  r a t s  d u r i n g  t h e  s t u d y  were w i t h i n  
normal s p e c i e s  v a r i a t i o n ,  a n d  a n y  d i f f e r e n c e s  b e t w e e n  c o n t r o l  a n d  
t e s t  g r o u p s  were c o n s i d e r e d  t o  be u n r e l a t , e d  t o  e x p o s u r e .  

E x p o s u r e  o f  rats t o  S h a l e  J P - 5  r e s u l t e d  ' i n  m i l d  . - h e p a t o c e l l u -  .- -.- 

l a r  v a c u o L i z a t i o n  ( f a t t y  c h a n g e )  .' T h i s  e f f ec t  was . . n i v  7 

r e l a t e d  i n  female r a t s  a n d  was a b s e n t  i n  r a t s )  e x p o s e d  t o  
P e t r o l e u m , J P - 5 .  Mi ld  n a s a l  i n f l a m m a t o r y  c h a n g e s  o c c u r r e d  i n  
S h a l e  J P - 5  e x p o s e d  ra t s .  
P e t r o l e u m  JP-5 e x p o s e d  ' r a t s  were f ree  'o f  t h i s  les ion. .  

T h e  i n c i d e n c e  was n q t  d o s e - r e l a t e d .  

The most, n o t a b l e  a n d  o b v i o u s l y  ' d o s e - p e p e n d e n t  lesions f o u n d  
i n  r a t s ' w e r p  r e s t r i c t e d  t o  t h e  k i d n e y s  of males. 
amined  i m m e d i a t e l y  f o l l o w i n g  e x p o s u r e  t o  e i t h e r  P e t r o l e u m  or 

' S h a l e  JP -5  e x h i b i t e d  moderate t o  marked cy toplasmic  h y a l i n e  drop-  
l e t s  i n  p r o x i m a l  t u b u l a r  e p i t h e l i u m  f o l l o w e d  b y  n e c r o s i s  a n d  e x - .  

' m i c r o s c o p i c a l l y  v i s i b l e  a g g r , e g a t e s  o f  p r o t e i n .  T h e i r  p r e s e n c e  i n  
t h e  t u b u l a r  e p i t h e d i u r n  s u g g e s t e d  t h a t  ce l l s  were u n a b l e  t o  e f f i -  
c i e n t l y  t r a n s p o r t  resorbed p r o t e i n  f rom g l o m e r u l a r  f i l t r a t e  t o  
t h e  c a p i l l a r y  .blood. S u b s e q u e n t l y ,  t u b u l a r  s e g m e n t s  n e a r  t h e  
c o r t i c o m e d u l l a r y  j i i n c t i o n  were' p l u g g e d  a n d  d i l a t e d  w i t h  c a s t s  o f  
n e c r o t i c  c e l l  d e b r i s .  
j u n c t u r e  of t h e  pars  rec ta  o f  t h e , ' p r o x i m a l  tubu:tt a n d  t h e  de -  
s c e n d i n g  l i m b  o f  H e n l e ' s  loop. I n c i d e n c e  o f  n e c r o s i s  i n  a l l  
emxposed . g r o u p . s  was a t  or  n e a r  100%.  
s p o n s e  w a s  seen i n  s e v e r i t y  w i t h  m i n i m a 1 , r e n a l  c h a n g e s  a t  15C . '  

m g / m 3 ,  w h i l e  l e s i o n s  f o u n d  a t  7 5 0 . m g / m 3  were c h a r a c t e r i z e d  a s  ' 

moderate. G l o m e r u l i  were m o r p h o l o g i c a l l y  u n r e m a r k a b l e '  by b o t h  
e l e c t r o n  > a n d  , l i g h t  microscopic a n a l y s i s .  

Male r a t s  e x - ,  

4 f o l i a t i o n  of t u b u l a r  c e l l s .  H y a l i n e  d r o p l e t s  were r e g a r d e d  a s  

A f . f e c t e d .  s e g m e n t s  c o r r e s p o n d e d  k i t h  t h e  

However ,  a c l e a r  dose' re- 

R e s u l t ' s  o f  microscopic e x a m i n a t i o n  of t i s s u e s  c o l l ' e c t e d  f r o m  
male r a t s  m a i n t a i n e d  f o r , . p o s t e x p o s u r e  o b s e r v a t i o n  a r e  shown  , i n  
T a b l ' e  4 4 .  O n l y  t h e  l e s i o n s  o c c u r r i n g  w i t h  some f r e q u e n c y  a re  
sl-own. A s  a t  e x p o s u r e  t e r m i n a t i o n ,  t h e  most s t r i k i n g .  , l e s i ' o n s  
a s soc ia t ed  w i t h  ,JP-5 e ' x p o s u r e  were f o u n d  i n  t h e  k ' i dne ,ys  'of male 
r a t s .  F e s e  c h a n g e s  i n c l u d e d  f o c a l  d i f f u s e  p a p i l l a r y  h y p e r p l a s i a  
o f  t h e  p e l v i c  u r o t h e l i u m  o v e r  t h e  s u r f a c e  of t h e  r ena l  p a p i l l u s ,  
moderate t o  s e v e r e  d e p o s i t s  o f  m i n e r a l i z e d  d e b r i s  i n  m e d u l l a r y  
t u b u l e s  (probably a t  t h e  loop of H e n l e ) ,  a n d  t u b u l a r  d e g e n e r a -  
t i o n .  H y p G r p l a s t i c  areas  a l o n g  t h e  p e l v i c  u r o t h e l i u n  were 
t h o u g h t  t o  r e s ' u l t  f r o m  m e c h a n i c a l  i r r i t a t i o n  by m i n e r a l i z e d  de- 
b r i s  s h e d  f r o m  t h e  t u b u l e s  i n t o  t h e  p e l v i s  d u r i n g  e x p o s u r e ,  com- 
b i n e d  w i t h  p a n r e c a l  h y p e r t r o p h y  a s s o c i a t e d  w i t h  c h r o n i c  p r o g r e s -  
s i v e  n e p h r o p a t h y  (CPN).  In t u r n  ' t h e  m i n e r a l i z e d  t u b u l a r  depos ' i t s  
p r o b a b l y  r e p r e s ' e n t  c a l c i u m - i m p r e g n a t e d  d e b r i s  ' r e s u l t i n g  from 
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TABLE 44..  IST TO PA THO LOGIC L C S I O N S ~  I N  MALE RATS HELD FOR 
POSTEXpOSURE OBSERVATION AFTER 90 DAYS OF CONTINUOUS 

INHALATION EXPOSURE TO JP-5  

Petroleum JP-5 Shale JP-5 
, Cone r n t r n  t i on (us / m 1 ) C o n c e n r r a t l o n  [ r ~ l n ' )  

150 750 0 150 7 5 0  , t I nnuc 

Sa i n. 
Yainmmry gland - 
hyp.?rplaala/dllatatlon 
a'dinocart Inowi  
I I htoadrnorr 

- 
0 

7/19 (24) 6/32 (19) 6/34 (18 )  12/34 (35) 12/37 ( 3 2 1  
0/34 (0) 1/34 (3) 0/37 ( 0 )  0/29 ( 0 )  0/32 ( 0 )  

2/29 (7) 1/32 (3) 0/34 ( 0 )  0/34 ( 0 )  2/37 ( 5 )  

23/50'(46) 15/49 (31) 2 1 / 5 0  (42) 

25/50 (30) 3 0 / 5 0  ( 6 9 )  , 24/50 (48), 2515'0 ( 5 0 )  ' 2 ? / 5 0  (54) 

2/50 (4) 4/49 ( 8 )  
Cardto-aacularj 
Myocardial flbronLs 
h t m n a r l (  artery' 

' m t n t r r ~  ~lrat'ton , .  
, I  

Rraplrator , 
N o w  - in,+a-ilon 
Luni - , 

' alrtnlar arlcnoY 
a l r m l a r  c a r c l n a  ' 

Llver 
Focal cell change 
Ictoplaitlc nodule 
Ca rc I noma 
A d e n o m  

Ur t na r z  
Kldnry , - 
tubu 1 ar degenrr8 t 10- 
papll Iari hyycrplasta 
rlnsrallrat\on 
cysts , 

- 

I 

6 / 4 R  (1.3) 

o / s o  ( 0 )  
o/so ( 0 )  

4/49 ( 8 )  11/49 ( 1 6 )  12 /50  (24) 8/50 (16) 
t 

0 / 5 0  ( 0 )  0 / 5 0  ( O ) ,  0 / 5 0  ( 0 )  ,1150 ( 2 )  
1/50 ( 2 )  (4) 1/50 ( 2 5  0 / 5 0  ( 0 )  

I 

29/50 C58) J2/49 (65) ' 38/50 (76) 38/50 (76) 
1/50, ( 2 )  0/49 ( 0 )  2/50 (4) 0 / 5 0  ( 0 )  

' O l S O  ( 0 )  0149 ( 0 )  0 / 5 0  ( 0 )  1/50 ( 2 )  
2/5d (4) 0/49 ( 0 )  ' 0 / 5 0  ( 0 )  0150 ( 0 )  

23/50 (48) 

, 0 / 5 0 '  (0) 
, 1/50 ( 2 )  

l/SO ' , ( 2 )  

46/48 (96) 
2/48 (4) 
29/40 
0148 ( 0 )  

48/50 (96') 
23/50 ( 4 6 ) c  
37/50 (74)= 

1/30 ( 2 )  

46/49 (98)C 

49/49 ( t O O ) , C  
31/49 (831' 

314s (6) 

RtDroduct!re b Endocrlne 
Pltultary - , 

7/48 (15) 
0/48 PO) 

2/45 (4) 
5/45 ( 1 1 )  
1/45 ( 2 )  

1/35 (3) 

46/49 (94) 

18/50 (36) 

1 / 5 0  ( 2 )  
4 /50  1 8 )  

0 1 5 0  ( 0 )  

13/46 (28) 
2/46 ( 4 )  

1/50 ( 2 )  
7/50 (14) 
3/50 (6) 

1/42 ( 2 )  

53/47 (91 )  

19/47 (40) 
0/47 ( 0 )  
0/47 ( 0 )  
8/47 (17)b 

8 a d c n a  
carclno- 

lolllcular c ~ l l  tumors 
c cell twaws 
hyperpiasla 

h r a t h y r o l d  - 
a d e n a  

Testes - 
lnterstitiil cell t w r  

Adrenal - 
cell change 
e r r c i n a  
adenorr  
p k c a c h  r m c j t o u  

Thyrold - 
2/4*, (4) 
13/49 (26jC 
3/49 ( 8 )  

1 3 / S O  (26)n' 

0 / 5 0  fO> 
0 / 5 0  ( 0 )  

ti,- 
leuhenla , 

6/41 (01 
7/50 (14) 

2/39 ( 5 )  
11/50 (22) 

R u n k r  obserred/Ruukr examlned (s). 
9 Dtficrent frol control, p < 0 . 0 s .  
C Different from control. p < 0.01. 

t u b u l a r  n e c r o s i s  o c c u l r r i n g  ' d u r i n g  t h e  e x p c s u r e  p h a s e  of t h e  e x -  
, p e r i m e n t .  T u b u l a r  d e g e n e r a t i v e  c h a n g e s  were e n c i r r ? l y  compatible 

w i t h  CPN w h i c h  i s  common i n  a g e d  F i s c h e r  344 rat,. The s e v e r i t y  
of CPN, h o w e v e r ,  d i d  a p p e a r  t o  be s l i g h t l y  g r e a t e r  i n  t h e  JP-5 

' e x p o s e d  male ra t s .  N o  k i d n e y  tumors were f o u n d  i n  JP-5 e x p o s e d  
male r a t s .  

. .  2 ~. . . .  
:: . .  ..:- j . .  
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S e l e c t  t u m o r s  a n d  t i s s u e  c h a n g e s  were r e c o r d e d  w i t h  i n -  

c r e a s e d  f r e q u e n c y  i n  s e v e r a l  e n d o c r i n e  D r g a n s  i n  e x p o s e d  m E l e  , .  

t a t s .  A l t h o u g h  ,a s l i g h t  i n c r e d s e  i n  t h e  i n c i d e n c e  of , p i t u i t a r y '  
t u m o r s  was f o u n d ,  t hese  were not  c ' o n s i d e r e d '  to-  b e  h i g h l y  s i g n i f i -  ! ' ,  

c a n t .  P i t u i t a r y  t u m o r s  a re  e x t r e m e l y  common i n  a g e d  F i s c h e r  344  ' 

r a t s .  Tumors  of t h e  t h y r o i d  p a r a f o l l i c u l a r  c e l l s  may be  r e l a t e d  
t o  R r ' o i o n g e d  C a : P 0 4  i m b a l a n c e s  s e c o n d a r y  t o  s e v e r e  n e p h r o p a t h y .  
O t h e r  e n d o c r i n e  l e s i o n s  r e c o r d e d  i n  , t h e  s t u d i e s  weye  c o n s i d e r e d  
to' be  c o r n m o n . f i n d i n g s  i n  a g e d  r a t s ,  and  t h e i r  a p p a r e n t  l i n c r e a s e  I. , , .  
i n '  sor? e x p o ' s e d  g r o u p s  i s  p r o b a b l y  i n c i d e n t a l .  Neither P e t r o l e u m .  ' 

n o r  ' s h a l e  JP-$ p r o d u c e d  a n y  i n c r e a s e  i n  l i v e r  or l u n g  t u m o r s .  

. ,  

I 

I .  

I ) 1  I S  ,,I I , ,  I ,  I ,  

' R s s u l t s  of t h e  m i c r o s c o p i c  e x a m i n a t i o n ' o f  t h e  t i s s u e s  c o l -  
l ec t ed  froin f e m a l e  r a t s  a t  t h e  e n d  o f  19 m o n t h s  p o s t e x p o s u r e  

, o b s e r v a t i o n  a r e  s h o w n  i n  T a b l e  45. As a t  e x p o s u r e  t e r m i n a t i o n  
s , a c r i f i c e ,  t h e  f e m a l e  r a t s  f a i l e d  t o  d i s p l a y  a n y  l i n d i c a t i o n  of 

, I  
' J P - 5  i n d u c e d  ' r e n a l .  d a m a g e : ,  ' 

U n i q u e ' t o  t h e  female ra ts  was t h e  o c c u r , r e n c e  o f  b o n e  h y p e r - , '  
os teosis  !osteosclerosis) .  '.This l e s i o n  was n h t  recorded i n  a n y  
male r a t  a n d  i t s  e t i o l o g y  is b e l i e v e d  t o  be re la ted t o  i n c r e a s e d  

' l e v e l s  o f . e s t r o g e n  i n  a g e d  females. E s t r o g e n  competes w i t h  paras-  
' t h y r o i d  h o r m o n e  f o r  o s t eoc la s t i c  c e l l  receptors  a n d  p r e v e n t s  

p a r a t h y r o i d  h o r m o n e  f r , om i n i t i a t i n g  b o n e  r e s o r p t i o n .  A l t h o u g h  * 

t h i s  ; e s i o n  o c c u r r e d  more f r e q u e n t l y  i n  J P - 5  e x p o s e d  f e m a l e s ,  
there  was n o  dose  r e s p o n s e  r e l a t i o n s h i p :  L e s i o n s ' n o t e d  i n  o t h e r  
' o r g a n  s y s t e m s  of female r a t s  were 's imilar  . i n  n a t u r e -  t o  t h o s e  . !  

I p r e v i c u s l y  d i s c u s s e d  fo r  male r a t s :  ' .  

' DISCUSSION 
, I  

Male r a t  n e p h r o t o x i c i t y  w a s  a c o n s i s t e n t  e f f e c t  p r o d u c e d  b y  . ( ,  

s., 90 d a y s  of c o n t i n u o u s  i n h a l a t i o n  of P e t r o l e u m  or S h a l e  J P - 5 .  ' 
R e n a l . t o x i c i t y '  was a p p a r e n t  i n  v i r t u a l l y  a l l  exposed male r a t s  

. I  ,,npierli a t e l y  u p o n  e x p o s u r e  t e r m i n ' a t i o n ,  1 e v e n  a t  t h e  lowest l e v e l  
of , e x p o s u r e  t e s t e d ,  150 m g / m 3 .  T h e  r , e n a l  t u b u i a r  n e c r o s i s  obse r -  I 

v e d  i n  male r a t s  was c o n s i d e r e d  t o ' b e  a n  e n d  p r o d u c ?  of s e v e S e  
h y a l i p e  d e g e n e r a t i o n .  
t h e  p r o t e i n  r e s o r p t i o n  p rocess  of t h e  p r o x i m a l  c o n v o l u t e d  

, , t u b u l e .  Drop le t s  ar'e f r e q u e n t l y  a c c e n t u a t e d  i n .  male r a t s  w h e r e  
t u b u l a r  c e l l s  m u s t  resorb  a n d  d e g r a d e  i n c r e a s e d  l e v e l s  of a 
h i g h l y  f i l t e r a b l e  p r o t e i n  u n i q u e  t o  male r a t s ,  a n  a 2 u  g l o b n l i n  

, ( A l d e n  r t  a l . , ,  1983).  T h i s  g l o b u l i n  i s  p r o d u c e d  i n  t h e  l i v e r  of. 
male r a t s  o n l y  a t  p u b e r t y ,  a n d  i t s  low m o l e c u l a r  w e i g h t  f a c i l i -  
t a t e s  r a p i d  g l o m e r u l a r  f i l t r a t i o n .  
g l o b u l i n  i s  unknown.  T h e  i n a b i l i t y  of t h e  k i d n e y ' t u b u l a r  c e l l  t o  
e f f i c i e n t l y  d e g r a d e  resorbed a 2 ~  g l o b u l i n  may bz c e n t r a l  t o  

H y a l i n e  d r o p l e t s  a re  n o r m a i  c o m p o n e n t s  O F  

T h e  b i o l o g i c a l '  f a t e  of a 2 u  
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TABLE 45. HISTOPATHOLOGIC LESIONSa IN FEMALE RATS HELD FOR 
POSTEXPOSURE OBSERYATJCE AFTER 80 DAYS OF COKTINUCUS 

INHALATION EXPOSURE TO JP-5  
S b d l e  JP-5 

Concent r&+.ion (mg/ m '  
0 150 7 5 0 

Petroleum JP-5 
Concentration (ag((rn 3 )  

0 150 750 Tlssue , 
Sklr 
Mammary gland - 
hyperplnsl./dllatatlon 
adenOCArClnOfN 
cysradenocarctn~ 
f l,bi.ond?noma , 

- 
16/43 '(37)b 
2/43 ( 5 )  
2/43 (5) 
4/43 ,(9) 

Yiscu toakeleLa1 

hyperoatoaks 
' Bone - '  

, Respiratory ' 
~ o s e  - Lnflrmnatlon I 

.'Lung -' 

adenoma 
ca rclnoma ! ,  

. I ,  

3/43 (7) 

I I (  

7/47 (19) 20149 (41) 18/50 ( 3 6 )  10/45 (22) 

0149 (0) 3/50 ( 6 )  1/48 (.2) 

L't ve r 
Pocnl cell change I 

Nsoplastlc nodule 

- 

W l n a r y  
Kidney .. 
tubuilar degenerat'.on 
ct  neral I za t t m  

cysts 

' Reproductlvr L Endocrlne 
Pltultary - 
adenoma 
car c i n o m  

22/46 (48) 
1/46 (2) . .  

Thyrald - 
c cell tumors 
hypeyplasla 
Parnthyroid - 
adenoma 

Adrenal - 
cell change 
ca r c 1 noam 
adenonu 

Uterus - pheochromoytonu 

c L rc 1 noma 
s t r o w l  polyps 

Lym$hor@t Lcular 
SpIeen - 
hrmoslderosia 
leukernla 

3/37 ( 8 ) '  
2/37 (9)  

o/zs ( 0 )  

' 9/44 (20) 
0144 (0) 
0194 (0) 
3/44 (7) 

1;44 (2) 
11/44 (9.5) 

6/44 (14) 
12/44 (27)' 

7/49 (14) 
7/40 ( 1 4 )  

2141 ( 5 )  

13/50 (26) 
0 / 5 0  (0) ' 
1/50 .  (2) 
1/50 ( 2 )  

2/47 (4 )  I '  5/53 (IO) 5/48 (10) 
4/47 (9) 5/50 (10) 7/48 { 1 5 )  

1/44 ( 2 )  
14/44 (32) 

10142 (24) 
6/44 (14) 

3/46 (7)' 
6/47 (13) 

lo/?- ('20) 29/49 (59)b 3/50 (5)' 
( , S O  (1;) 7/50 (14) , ,7150 (14; 

Number observed/Number, cxrnlned ( I ) .  
Different frmn Control, p \ 0.01. 
DLfferenc f r m  Control. p < 0.05. 

i n  male r a t s .  C h a n g e s  
90-day  ex,p;osure i n -  

t h e  p a t h o g e n e s i s  of JP-5 i n d u c e d  n e p h r o s i s  
o c c u r r i n g  i n  t h e  k i d n e y s  s u b s e q u e n t  t o  t h e  - .. 

c l u d e d  i n c r e a s e d  d e p o s i t s  of m i n e r a l i z e d  d e b r i s  i n  m e d i l l l a r y  
t u b u l e s ,  p a p i l l a r y  hyperplasia of t h e  p e l v i s ,  a n d  m o l ,  severe 
c h r o n i c  p r o g r e s s i v e  n e p h r o p a t h y .  C o n s i s t e n t .  w i t h  t h e  p a t h o l s g i e  
c h a n g e s  o b s e r v e d  i n  male r a t s  e x p o s e d  to(75c)  mg/rn3 JP-5 were 
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' \  , ,  , .  
, ,  , 

. ,  

\'%. 

i n c r e a s e d  k i d n e y  w e i g h t ' a n d  s e r u m  c r e a t i n i n e  a n d  BUN l e v e l s .  
Body w e i g h t s  of male ra ts  e x p o s e d  t o  7 5 0  mg/m3 JP-5 ,were a1,so ' 

. c o n s i s t e n t l y  less t h a h  u n e x p o s e d  r a t s .  A l t h o u g h  ' s t r . u c t u r a 1  
c h a n g e s  were.also o b s e r v a b l e  a t  t h e  150 mg/rn3 l e v e l ,  k i d n e y  
w e i g h t s  a n d  b l o o d  k i d n e y  f u n c t i c n  i n d ' i c a t o r s  were g e n e r a l l y  no t  
i nc re s sed .  ' 

., ., . 

A similar  t y p e  o f  male' ra't n e p h r o p a t h y  h a s  b e e n  o b s e r v e d  
a f t e r  g a v a g e  w i t h  P e t r o l e u m  o r  S h a l e  JP-5'. ( P a r k e r  e t  a l .  , 1981) .  
I n h a l a t i o n  o f  h y d r o c a r b o n  s o l v e n t s  h a s  a l s o  ' b e e n  repor ted  t o  , 
. p r o d u c e  I t u b u l a r  c h ' a n g e s  , i n  male rqts ;( Carpeqter , e t  a l . ,  ,1975a, 
1 9 7 5 b ;  G a w o r s k i  e t  a l . ,  1984;  P h i , l l i p s  a n d  E g a n ,  1 9 8 4 a ,  1384b). 
I n  ' t he  p r e s e n t  s t u d y  of JP-5  t h e  r e n a l  t o x i c i t y  was l i m i t e d  t o  
male r a t s  a n d ' d i d  n o t  o c c u r  i n  female F a t s  o$ female C 5 7 B L / 6  
mice, E a s l e y  e t  41. ((1582) h a s  r epor t ed  r ena l  t o x i c i t y  c o n s i s t -  
i n g  of c o r t i c a l  d e g e n e r a t i o n ,  p o s s i b l y  d u e  , t o  ischem'ia r e l a t e d  
d e h y d r a t i o n ,  i n  C 3 H f I B d  miice t r ea t ed  d e r m a l l y  w i t h  Pet4roleum o r  
S h a l e  JP-5, JP-81, or Diese.1 F u e l .  M a r i n e .  

The v a c u o l i z a t i o n  ' i n  t h e  h e p a t o c y t e s  o f  mice a n d  r a t s  i n h a l -  
i n g  JP-5 'for 90 d a y s  was p r o b a b l y  a n  i n d i c a t i o n  o f  f a t t y  metarnor- 
p h o s i s  'associated w i t h  e x c e s s  l i p i d  a c c u m u l a t i o n .  
(1981) f o u n d  v a c u o l i z a t i , o n  i n  l i v e r s  o f  r a t s  g a v a g e d  w i t h  P e t r o -  ' 

l e u m  or S h a l e  JP-5 a n d  a l s o  o b s e r v e d  e l e v a t e d  l i v e r  f u n c t i o n  
i n d i c e s .  I n  t h e  p r e s e n t  s t u d y ,  e x a m i n a t i o n  o f  r a t  s e r u m  
c h e m i s t r y  p a r a m e t e r s  a t  ' e x p ' o s u r e  t e r m i n a t i o n  f a i l e d  t o  s u g g e s t  
a b n o r m a l  l i v e r  f u n c t i o ' n .  A t  19 m o n t h s  p o s t e x p o s u r e , ' c l i n i c a l  
l i v e r  f u n c t i o n  i n d i c e s  were n o r m a l .  A d d i t i o n a l l y ,  a t  t h a t  t i m e  
' l iver  v a c u o l i z a t i o n  was n o t  a j ' s i g n i f i c a n t  f i n d i n g  i n  rats a n d  was 
, n o t e d  w i t h ' e q u a l  d i s t r i b u t i o n  i n  a l l  mouse g r o u p s .  These r e s u l t s  
s u g g e s t  t h a t  t h e  t y p e  and,  e x t e n t  of l i v e r  damage p r o d u c e d  b y  i n -  
h a l a t i o n  of JP-5 v a p o r  a t  c o n c e n t r a t i o n s  u p  t o  750 m g / d  was n i l d  
a n d  r e v e r s i b l e .  

P a r k e r  e t  a l .  

6 ,  

E x p o s u r e  ' to  e i t h e r  P e t r o l e u m  or S h a l e , J P - 5  p r o d u c e d  ' a n  
a p p a r e n t  s l i g h t  i n c r e a s e  i n  e n d o c r i n e  t q o r s  i n  r a t s ,  p a r t i c u -  
l a r l y  t&ors o f  t h e  p i t u i t a r y  g l a n d .  

a n d ,  i n  t h e  a b s e n c e  of a n y  s t r o n g  dose r e s p o n s e  r e l a t i o n s h i p ,  
t h i s  i n c r e a s e  i s  c o n s i d e r e d  i n c i d e n t a l .  Most i m p o r t a n t  was t h e  
a b s e n c e  of a n y  d e f i n i t e  i n d i c a t i o n  o f  i n c r e a s e d  t u m o r  formation 
i n  a n y  af t h e  major o r g a n s  of ra t s  i n c l u d i n g  t h e  l u n g s ,  l i v e r , ,  
a n d  k i d n e v s .  , I  

However ,  . t hese  Zumors a r e  
g e n e r a l l y  r e g a r d e d  as  common aging n e o p l a ' s m s  i n .  F i s c h e r  344, r a t s ,  ' . ,- .I 

I n  . c o n c l u s i o n  ,, t h i s  c o n p a r a t i ' v e  e x p m i r n a t i o n  o f  t h e  t o x i c  , 
e f fec t s  o f  90 d a y s  of c o i i t i n u o u s  i n h a l a t i o n  o f  J P - 5  d e r i v e d  from 
P e t r o l e u m  or S h a l e  s o u r c e s  e s t a b l i s h e d  n o  s u b s t a n t i a l '  d i f f e r e n c e  
between f u e l s .  The major e f f e c t  o f  e x p o s u r e  t o  JP-5  fran e i t h e r  
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s o u r c e  was tlie p r o d u c t i o n  of h i s t o l o g i c  c h a n g e 5  i n  male r a t  ,kid- 
n e y s  s u g g e s t i n g  r e n a l  t u b u l a r  n e p h r o p a t h y .  
s t u d y  a r e  c o n s i s t e n t  w i t h  o t h e r  p y b l i s h e d  repor t s  of h y d r o c a r b o n  
f u e l  a n d  s o l v e n t  , t o x i c i t y .  

T h e  r e s u l t s  'of  t h e  

, I  

WALUATIGN OP THE CHRONIC TOXICITY OP JP-"'JET FUEL 
, 

I 

< As p a r t  of t h e  p r o g r a m  $0 e v a l u a t e  t h e  t o x i c i t y  of h y d r o -  
c a r b o n  f u e l s  u s e d  b y  t h e  A i r  Force, t h e  THRU ' conductec '  a n  i n h a l a -  
t i o n  e x p o s u r e  s t u d y i u s i n g  t h e  j e t  f u e l  J P - 7 .  JP-7 is  a' c o m p l e x  
m i x t u r e  o'f a l i p h ' a t i c  a n d '  aromatic h y d r o c a r b o n s  w h i c h  c l o s e l y  ' ' 

resembles t h e  U .  S .  Navy j e t  f u e l ,  J P - 5 .  T h e  s t u d y  c o n d u c t e d  was 
a n  i n d u s t r i a l  t y p e  i n v o l v i n g  e x p o s u r e  of F i ' s c h e r  3 4 4  r a t s . a n d .  , 
C57BL/6 m i c e  t o  JP-7 v a p o r s  f o r  6 h o u r s / d a y ,  5 d a y s / w e e k .  The  

# e x p o s u r e '  p h a s e  of ' t he  s t u d y  r a n  from A p r i l  1981 t o  Apri , l '  1982. A 
s m a l l  s a m p l e  of t h e  a n i m a l s  w a s ' t a k e n  f o r  e v a l u a t i o n  of c h r o n i c  
t o x i c i t y  r e s p o n s e  d u r i n g  e x p o s u r e s .  T h e  r e m a i n i n g  a n i m a l s  were 
h e l d  f o r  l - y e a r  p o s t e x p o s u r e  o b s e r v a t i o n .  I ,  

J 
I ,  

Two c h a m b e r s  were u t t l i z e d , f o r  t h e  e x p o s u r e s ;  o n e  c o n t a i n e d  . 
a c o n c e n t r a t i o n ' a f  150 m g / l r n 3  a n d  t h e  o t h e r  c o n t a i n e d  a c l o n c e n t r a -  
t i o n  of 750 mg/m3. Animal  g r o u p s  c o n s i s t e d  of 100 male a n d  100 
female F i s c h e r  3 4 4  r a t s  ,and C 5 7 B L / t j  mi,ce. A n ' a d d i t i o n a l  group 
w i t h  t h e  same n u m b e r s  of a h i m a l s  w a s  h o u s e d  i n ' a n o t h e r  Thomas 

A l l  a n i m a l s  h a d  
f o o d  and  water  ad l i b i t u m  d u r i n g  n o n e x p o s u r e  hocrs.  Food was 
removed d u r i n g  t'he e x p o s u r e  per iod%. 

' D o m e  c h F b e r  t o  s e r v e  a s  a.ham o p e r a t e d  c o n t r o l s .  

, ,  

Following t h e ,  l - y e a r  e x p o s u r e  p e r i o d ,  12 a n i m a l s  of e a c h  . .  
, s p e c i e s  a n d  s e x  ,from a l l  g r o u p s  were k i l l e d  f o r  t i s s u e  c o l l e c t i o n  
a n d  e x a m i n a t i o n .  
p o s t e x p o s u r e  o b s e r v a t i o n .  A t  t h e  c o n c l u s i o n ' . o f  t h i s  p e r i o d  
( A p r i l ,  1983), a l l  r e q a i n i n g  r o d e n t s  were k i l l e d  f o r  t i s s u e  col-  
l e c t i o n ,  a n d  e x a m i n a t i o c .  ' , 

T h e  r e m a i n i n g  $ o d , e n t s  were h e l d  f o r  1 - y e a r  of 

E x p o s u r e  t o  JP-7 p r o d u c e d  a s l i g h t  , b u t ,  s t a t i s t i c t i l l y  s i g n i -  
f i c a n t  ( p ' <  0.05), decrease i n  body w e i g h t  g a i n  i n  m a l e  r a t s  
e x p o s e d  t o  750 mg/m3. 
i n  a n y  o f  t h e  o t h e r  g r o u p s .  
c l i n i c a l  c h e m i s t r y  p a r a m e t e r s  g e n ' e r a l l y  f a ' i l e d  t o  s u g g e s t  a n y  
e x p o s u r e  r e l a t ed  e f f e c t .  I n  a d d i t i o n ,  l i v e r ,  k i d n e y ,  a n d  s p l e e n  
w e i g h t s  of' r a t s  e x p o s e d  t o  JP-7 were comparable t o  c o n t r o l s .  

No o t h e r  a d v e r s e  w e i g h t  e f f e c t s  were seen 
E x a m i n a t i o n  o'f r a t  h e m a t o l o g y  a n d  

T i s s u e s  c o l l e c t e d  from mice a n d  r a t s  i n  t h i s  s t u d y  were s e n t  
t o  Brooks A i r  F o r c e  Base, S a n  A n t o n i o , '  T e x a s  f o r  p r o c e s s i n g  and 
e v a  l u a t  i o  n . 

1 .  
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, 

THE EXPERIMENTAL DETERYINATION,OF THE CHRONIC TOXICITY OF 
. .  

' ,  JP-TS J E T  FUEL 

The U. S. A i r  F o r c e  r e q u e s t e d  a l o n g - t e r m  i n h a l a i t i o n  s t u d y  
, t o  d e t e r m i n e  t h e  c h r o n i c  t o x i c i t y ' o f  t h e  h i g h  a l t i t u d e  j e t  f u e l  I 

d e s i g n a t e d  JP-TS. T h i s . ' j e t  f u e l  i s  s i m i l a r  i n  c o m p o s i t i o n  t o  t h e ,  

R e s e a r c h  U n i t .  C u r r e n t  i n f o r m a t i o n  f r o m  two s t u d i e s  o f  t h e  
t o x i c i t y  of  JP-4  ? r e  inc ludegf  in t h i s '  r e p o r t .  

j e t  f u e l  JP -4  p r e v i o u s l y  i n v e s t i g a t e d  by t h e  T o x i c  H a z a r d s  , .  

' 

. . . . . . . , . 

' The p r e s e n t  s t u d y ,  was ' d e s i g n ' e d '  t o  d e t e r m i n e  t h e  c h r o n i c  4 .  

e f f e c t s ,  i n c l u d i n g  o n c o g e n i c ,  of l o n g - t e r m  i n h a l a t i o n  e g p o s u r e  of 
r.ats and  mice t o  JP-TS j e t  f u e l  v a p o r .  The same e x p o s u r e  r e g i m e n  
was f o l l o w e d ' a s  i n  p r e v i o u s  e x p e r i m e n t s  t o  i , n v e s t i g @ t e  c h r o n i c  
t o x i c i t y .  The r e s u l t s  o f  t h i s  e x p e r i m e n t  w i l l  b e  u s e d  f o r  com- 

' p a r i s o n  w i t h  s h u d i e s d o n e  p r e v i o u s l y  o n  f u e l s  o f  a s imilar  cherni- 
c,al  n a t u r e . ,  

Mice a n d  r a t s  were e x p o s e d  f o r  1, y e a r  t o  200 a n d  1000 ? 2 g / m 3  
JP-TS v a p o r . b y  t h e  i n h a l a t i a n  r o u t e  i n  Thomas Dome c h a m b e r s  u s i n g  
,an i n d u s t r i a l  work week s c h e d u l e  o f  6 h o u r s / d a y ,  5 d a y , s / w e e k  w i t h  
h o l i d a y s  a n d  w e e k e n d s  e F c l u d e d  t o  s i m u l a t e  a human ' e x p o s u r e  
r e g i m e n .  ' E a c h . e x p o s u r e  g r o u p  c o n s i s t e d  o f  100 male a n d  100 
f e m a l e  F i s c h e r  3 4 4  rats a n d  100 male a n d  100 f e m a l e  C 5 7 B L / 6  

n ,  

I ,  
, I  

'mice.  A s h a m  t r ea t ed  c o n t r o l  g r o u p  was h o u s e d  i n 4  a tho ma.^' D o m e  ' . .  
' c h a m b e r .  I 

, I  

' F o l l o w i n g  t h e  e x p o s u r e  p e r i o d ,  1 2  a n i m a l s , ' f r o m  e a c h  g r o u p  
were k i l l e d ,  2 f o r  e lectron microscopic a n d  1 0  f o r  l i g h t  micro- 

, scopic  e x a m i n a t i o n .  T h e  r e m a i n l n g . ' r o d e n t s  were h e l d  1 y e a r  f o r  
p o s t e x p o s u r e  o b s e r v a t i o n .  A l l  a n i m a l s  h a v e  now b e e n  n e c r o p s i e d  
a n d  t i s s u e s  are undergoing*histopathologic e x a m i n a t i o n .  , 

, I  

P r e v i o u s  a n n u a l  reports  (MacEwen, a n d  V e r n o t ,  1 9 8 2 ,  19'83).  
d e t a i l  t h e  ~ . A p e r i v e n t a l  p ro tocol  for t h e  1 - y e a r  i n h a l a t i o n  , ' 

e x p o s u r e  o f  rats ezd mice t o  JP-TS f u e l  a n d  g i v e  r e s u l t s  crf 
e f f e c t s  o n  b l o o d  parameters a n d  o r g a n  w e ' i g h t s  of m g l e ' a n d ' f e m a l e  
ra t s  k i l l e d  a t  e x p o s u r e  t e r m i n a t i o n .  Mean b o d y  w e i g h t s  a n d  mor- 

l o g i c  e v a l u a t i o n  of t i s s u e s  i s  b e i n g  c o n d u c t e d  b y . t h e  V e t e r i n a r y  

, 

t a l i t y  e f f e c t s  t h r o u g h  2 4  m o n t h s  i s  a l s o  i n c l u d e d .  His topatho-  ". 
' 

' ,  P a t h o l o g y  G r o u p  a t  B r o o k s  A i r  F o r c e  Base. 

.i* . . , _  .,,sL..,,a,.,2iy:> At. 2' 
A 90-DAY LXJNTINUOUS INHALATION EXPOSURE TO JP-8 

&>fl" '.;. %i., 
/P*  ' A-'s p a r t  of a ser ies  of 9 0 - d a y  i n h a l a t i o n  t es t s  of v a r i o u s  

h y d , r o c a r b o n  f u e l s  u s e d  by t h e  m i l i t a r y ,  t h e  THRU c o n d u c t e d  a' 
s t u d y  o f  JP-8.  The t e s t  was d e s i g n e d  t o  c o n f o r m  w i t h  p r e v i o u s l y  
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1' 

I 

c o n d u c t e d  9 0 - d a y  tes ts .  I n  a d d i t i o n ,  more ' f r e q u e n t  s n ' c r i f i c e s , . ,  
' w i t h  emphasis o n  k i d n e y  e x a m i n a t i o n  were i n c o r p o r a t e d  i n t o  the''?;,.. 
s t u d y  p ro tocol .  A d e t a i l e d  d i s c u s s i o n  of t h e  e x p e r i m e n t a l  p r o -  : ,  

c e d u r e s  a n d  t e s t s  performed d u r ' i n g  t h e  s t u d y  a l o n g  w i t h  t h e  J P - 8  

a n n u a l  r e p o r t  (MacEwen a n d  V e r n , a t  , 1983) .  
' g e n e r a t i o n  a n d  a n a l y s i s  m e t h o d s  was p r e s e n t e d  i n  a n  ea r l t i e r  

E x p o s u r e  of rats a n d  mice t o  J P - 8 ' v a p o r s  beg 'an  i n  l a t e  I982 
a n d  t e r m i n a t e d  i n  e a r l y  1983.. Two e x p o s u r e  c o n c e n t r a t i o n s  were 

' t es ted ,  500 m g / m 3  a n d  1000 m g / m 3 .  Sham e x p o s e d  c o n t r o l s  wer.2 
I 6  

I ,  m a i n t , a i , n e d  ' i h  ,Thoma's D o m e  i n h a l a t i o n  c h a m b e r s .  E x p e r i m e n t a l  
groups c o n s i s t e d  o'f 95 male. a n d  75 f e m a l e  F i s c h e r  344 r a t s  a n d  , I  

1 100 male a n d  100 female C57BL/6  mice. Following c o m p l e t i o n  of 
' t h e  e x p o s u r e  15 ra ts  a n d  25 mice o'f each s e x  were k i l l e d  a n d  

t i s s u e s  w e r e  col lected f o r  m i c r o s c o p i c  e x a m i h a t i o n .  A d d i t i o n a l  I ,. 

p o s t e x p o s u r e .  
i n  p r e v i o u s  a n n u a l  r epor t s  (MacEwen a n d l v e r n o t ,  1 9 8 3 ,  1984). 

s a c r i f i c e s  were c o n d u c t e d , a t  2 . w e e k s ,  2 m o n t h s ,  a n d  9 m o n t h s  . .  8 

R e s u l t s ,  of t h e s e  e x a m i n a t i o n s  h a v e  b e e n ,  p q e s s n t e d  

, .  

S i n c e  t h e  l a s t  a n n u a l  r epo r t ,  t h e  s c h e d u l e d  p o s t e x p o s u r e  ob- 
s e r v a t i o n  pe r iod  c o n c l u d e d  a f t e r  2 y e a r s  on s t u d y .  T h i s  repre- 
s e n t e d  2 1  m o n t h s  p o s t e x p , o s u r e .  A l l  r e m a i n i n g  r a t s .  a n d  'mice 'were 

1 s a c r i f i c e d  i n  l a t e  December 1984 for t i s s u e  c o l l e c t i o n  a n d  
e x a m i n a t i o n ,  ' r a t  o r g a n  w e i g h t s  were measured ,  blood s a m p l e s ' ,  wer,e 
taken for h e m a t o l o g y  a n d  c l i n i c a l  c h e m i s t r y  m e a s u r e m e n t s ,  a n d  
urinalyses were p e r f o r m e d .  

, I  

Results 

F i n a l  m o r t a l i t y  r e s u l t s  a re  s h o w n  i n  T a b l e  46. , ,  
, 

%- TABLE 46. MORTALITYa I N  A,NIMALS EXPOSED TO JP-8 J E T i  FUEL ' , 

C o n t r o l  500 mg/m3 loo?  a g / m 3  

CS7BLj6 Mice, Male 37/100 4 7 / i o o b  4 7 / 1 0 0 b  
C57BL/6 Mice, F e m a l e  37/ 100 4 2 / 1 0 0  45/100 
F i s c h e r  344 R a t s ,  Male 22 /95  19/95 18 /95  
F i s c h e r  344 R a t s ,  F e m a l e  9/75 11/75 19/75 

a V a l u e s  r e p r e s e n t  n u m b e r  of n a t u r a l  o r  m o r i b u n d  d e a t h s / o r i g i - - 1  
number of a n i m a l s .  
D i f f e r e n t  from c o n t r o l ,  p < 0.05. 
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0 ,  
T h e  Mantel-Cox t e s t  was u s e d  %o e x a m j n e  t h e  s u r v i v a l  da t a  

f o r  r a t s  a n d  mice. Both g r o u p s  of male mice e x p o s e d  t o  J P - 8  h a d  
s i g n i f i c a n t l y  h i g h e r  m o r t a l i t y , r a t e s  c o m p a r e d  t o ,  c o n t r o l s .  How- 
e v e r ,  no dose r e s p o n s e  r e l a t i o n s h i p  was i n d i c a t e d .  E x a m i n a t i o ' n  
o f  t h e  gros,s p a t h o l o g y  records i n d i c a t e d  t h a t  t h e  v a s t  m a j o r i t y  
of t h e s e  mice were s a c r i f i c e d  moribun,d w i t h  n e c r o t i c  d e r m a t i t i s .  
M o r t a ' l i t y  r a t e s  of Lfemale mice, male ra ts  a n d  f e m a l e  rats were 
c o m p a r a b l e  t o  c o n t r o l s .  B e c a u s e  o f  t h e  h i g h  m o r t a l i t y  r a t e  i n  
t h e  male 'mouse, g r o u p  i t  was n e c e s s a r y  t o  s a c r i f i c e  t h e  r e m a i n i n g  
mice a t  20 m o n t h s  p o s t e x p o s u r e  r a the r  t h a n  a t  2 1  m o n t h s  a s  
o r i g i n a l l y  , p l a n n e d ,  T h i s  e a r l y  s a c r i f i c e  allowed f o r  t h e  , ,  , 

c o l l e c t i o n  of . a d e q u a t e  nunibers  of f r e s h  t i s s u e .  Rats were a l -  
lowed t o  c o m p l e t e . t h e  f u l l  21, m o n t h s  o f  p o s t e x p o s u r e  h o l d i n g . .  

The body w e i g h t s  of m a l e  r a t s  a r e  shown i n  F i g u r e  4 .  

, 

I 

& t . h  
g r o u p s ' o f ' m a l e  r a t s  e x p o s e d .  t o  JP-g d e m o n s t r a t e d  r e d u c e d  w e i g h t  
g a i n  %hen compared t o  c o n t r o l s .  
p < 0.01 t h r o u g h o u t  t h e  e x p o s u r e  a n d , p o s t e x p o s u r e  p h a s e s  of t h e  
s t u d y , '  but t h e r e  was nd c l e a r  dose r e s p o n s e  k e l a t i o n s h i p .  
t h e  f i r s t  y e a r . ,  of t h e  s t u d y  male rats e x p o s e d  t o  1000 mg/m3 h a d  

D i f f e r e n c e s  were s i g n k f i c a n t  a t  

D u r i n g ,  

485 
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385 

A g 33s 
. 4 '  
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E l  
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+ r 
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3 
z 235 

8 5  

' 15s 
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8 5 .  
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Figure 4. E f f e c t  of JP-8 o n  male rst body w e i g h t  g a i n .  b- 
i- 

f: 
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I , , '  I 

* 

t h e  lowest body w e i g h t s ,  b u t  d u r i n g  t h e  s d b s & u e n , t  y e a r  t h e '  SO0 

r a t  body w e i g h t s  . ( F i g u > e  5 )  were g e n e r a l l y  u n a f f e c t e d  by e x p o s u r e  
t o  JP-8. E x p o s u r e  t o  100,Ot mg/m3 d i d  r e s u l t  i n  w e i g h t  d i f f e r e n c e s  
( p  < 0.05) n e a r  e x p o s u r e ' t e r m i n a t i o n ;  h o w e v e r ,  t h i s  was a' 
t r a n s i e n t  e f f e c t  w i t h  no f u r t h e r  i n d i c d t i o n  o f ' , w e i g h t  d i f f e r e n c e s  

,. rng/rn3 m a l &  r a t ,  ~ x p o s u r e  g r o u p  shqwed lower, b o d y  w e i g h t s .  F e m a l e  

n o t e d  in 
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' I  
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Figure 5 .  ( E f f e c t  ofL JP-8 o n  f e m a l e  r a t  body w e i g h t  ga in .  
I 

R a t  o r g a n  w e i g h t s  m e a s u r e d  a t  s t u d y  t e r m i n a t i o n  a r e  shown i n  
T a b l e  47 .  P r e v i o u s l y ,  a t  e x p o s u r e  t e r m i n a t i o n ,  i n c r e a s e d  k i d n e y  
a n d  l i v e r  w e i g h t s  h a d  b e e n  n o t e d  i n  male rats e x p o s e d  t o  JP'8. 
A t  2 1  m o n t h s  p o s t e x p o s u r e  t h e r e  was a s l i g h t ,  b u t  s i g n i f i c a n t ,  
d o s e  r e l a t e d  i n c r e a s e  i n  r e l a t i v e  l i v e r  a n d  k i d n e y  w e i g h t s  i n  

k i d n e y  w e i g h t s  f a i l e d  t o  d e m o n s t r a t e  t h i s  d o s e  response relt*:lon- 
s h i p .  No s i g n i f i c a n t  o r g a n  w e i g h t  e f f e c t s  were s e e n  I n  fernalr 

' e x p o s e d  male r a t s  c o n p a r e d  t o  c o n t r o l s .  A b s o l u t e  l i v e r  a n d  



I ,  

TABLE 47. ORGAN W E I G H T S ~  OF RA.TS 2 1  MONTHS A F T E H  
90-DAY CONTINUOUS EXP0SUP.E TO JP-8 

Male Rats 
Concentration Weight ( x )  % of Body 

( mg /d ) Body Llver Kidney Sp leen  Liver ' _  Xldoey Sp leeh  

Control 440 f 9 13 .88  f 0 . 5 2  3 . 2 4  f , O . l S  1 .92  t 0 .41  3 . 1 6  f 0 . 1 1  0 . 7 4  f 0 . 0 4  0 . 4 5  f 0.10 
500 , 370 2 lob 11 .89  t 0.8Zb 3 . 1 0  f 0.16 1.16 * 1J .15~  3 . 2 5  f 0.2Zb 0 . 8 5  f 0 . 0 6 b  '0.31 f 0.04 
1000 376 f gb 1 3 . 5 3  f 0 .69  3 .64  f 0 .23b  1.64 f 0.53 3.61 f CJ.lgb 0.98 : O . O g b  0.44  f 0 .15  ' ' 

' ,  Female Rata 
'. Concentration T * l g h t  (9 )  S of Body 

(m/nl) Body L l v c r  Kidney , Spleen L l v e r  Kldney ' Spleen  
# I  I 

C o n t r o l  ' 278 : 4 7 . 6 9  f 0 . 2 0  1 .94  f 0 . 0 3  0.56-k 0.04 , '2.,77 f 0.04 Ot.70 f , O . Q l  0 .20  t * l O . O Z  I 

500 269 f 5 7 . 0 6  f 0.21 !.a9 0.04 0.59 $ 0.03 2 . 6 3  2 0.05 0.70  f 0 . 0 1  0 . 2 2  t 0 .01  
IO00 277 : 7 . 7.37 f 0 .25  1 .89  .t 0.04 0 . 7 8  i 0.32 2.67 f 0 .09  0 . 6 9  f 0 . 0 2  0 .28  t 0.08' 

, 

r a t s  e x a m i n e d  a t  2 1  m o n t h s  p o s t e x p o s u r e .  
h a d  b e e n  n o t e d ' ,  i n  b o t h  g r o u p s  o f  female1  rats exarnine'd a-t ' e x p o s u r e  
t e  r m i  n a t i o n .  8 '  

I n c r e a s e d  l i v e r  wei 'gh t  

, . T h e  r e s u l t s  o f  t h e  b l o o d  e x a m 2 n a t i o n . s  c o n d u c t e p  a t  t h e  s t u d y  
t e r m i n a t i o n  s a c r i f i c e  a r e  shown i n  T a b l e s  4 8  a n d  49  f o r  male a n d  
f e m a l e  rats ' ,  r e s p , e c t i v e l y .  S l i g h t  r e d u c t i o n s  i n  r e d  b l o o d  c e l l  
c o u n t s ,  h e m a t o c r i t ,  a p d  h e m o g l o b i n  7 . e v e J s  were n o t e d  i n  male ' r a t s  
exp0se .d  t o  1000 mg/m3 JP-8.  T h e s e  f i n d i n g s  were c o n s i s t e n t  w i t h  
t h e ,  r e d u c t i l 3 n s  i n ,  t h e s e  e r y t h r o c y t e  p a r a m e t e r s  p r e v i o u s l y  n o t e d  
i n  male r a t  b l o o d  e x a m i n e d  a t  e x p o s u r e  t e r m i n a t i o n ,  2 w e e k s  p o s t -  

I n c r e s s e d  s e r u m  BUN w a , s  a l s o  

! '  

, 

I ' , e x p o s u r e  a n d  9 m o n t h s  p o . s t e x p o s u r e .  
b n o t e d  i n  male r a t s  e x p a s e d  t o  1000 m g / m 3  JP-8.  T h i s  e f f e c t  h a d  

a l s o  b e e n  s e e n  i n  the e a r l i e r  e x a m i n a t i o n s .  Female  r a t  b l o o d  
f a i l e d  t o  i n d 5 c a t e  a n y  ) e f f e c t s  t h a t  c o u l d  be c o n s i d e r e d  e x p o s u r e  
r e l a t e d .  I /  

' ,Male  r a t  u r i n e  o s m o l a l i t y  a n d  pH v a l u e s  are  shown in , 

T a b l e  50. For  conrparis- . n ,  rt ; u l t s  o f  p r e v i o u s '  , e x a m i n a t i o n s  a r e  
a l s o  shown.  
t o  1000 mg/m3 JP-8  i m m e d i a t . e l y  u p o n  e x p o s u r e  t e r m i n a t i o n  a n d  a t  
s u b s e q u e n . t  p o s t e x p o s u r e  e x a m i n a t i o n  p e r i o d s .  E x a m i n a t i o n  .of 
u r i n e  pH v a l u e s  f a i l d d  t o ' s u g g e s t  a n y  c o n s i s t e n t  e x p o s u r e  r e l a t e d  
e f f e c t .  

Decreased o s m o l a l i t y  was n o t e d  i n  male rats expose 'd  
., ' 

A l t h o u g h  t h e  complete e x a m i n a t i o n  b f  a l l  t i s s u e s  co l lec ted  
from t h e  a n i m a l s  i n  t h i s  s t u d y  .%s n o t  b e e n  c g m p l e t e d ,  t h e r e  h a v e  
b e e n  l i m i t e d  e x a ? i n a t i o n s  of r e s p i r a t o r y  t i s s u e s  co l l ec t ed  from 
r a t s  a t  e x p o s u r e  t e r m i n a t i o n .  
p u l m o n a r y  i n f l e m a a t o r y  l e s i o n s  n o t e d  i n  c o n t r o i  g r o u p s  i n d i c a t i n g  
t h a t  t h e  r a t s  were e x p e r i e n c i n g  a s u b c l i n i c a l  p n e u m o n i a  a t  t h e  , 

There was a h i g h  i n c i d e n c e  of 
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TA"~L,X 48. MALE RAT BLOOD P A R A M E T E K S ~  21  ,MONTHS A F T E R  
9 0 - D A Y  CONTINUOUS EXPOSURE TO JP-8 

Control 

WBC (x103 cells/mm3) 
#RBC ( X 1 0 6  cellsjmm3) , 

HGB (g/dl) 
HCT (.%) 
MCV (urn3,) 
MCH (Pgl 
MCHC ( g / ' d l )  ' ' ' 

Glucose (mg/dl) 
Top .  Pro.\, ( g / d l ) ,  
Albumin (g/dl) 
Globulin (g/dl) 1 

A/G Ratio I 

BUN (mgjdl) 

Calcium (mgjdl) 
, Creatinine (mg/dl) 

, SGOT ( I U / L )  

7.2 
9.11 
17.1 
47.5 
52.3 
18.8 
36.0 
179 

6 -59 
0.85 
5.74 
0.15 
19 .o 
0.66 
10.7 
86 

f 1.0 
f 0.43 
f 0.8 
f 1.9 
f 0.4 
2 0.3 
f 0.5' 
f 14 
f 0.10 
2 0.02 
f 0.09 
f 0:01 
f 0.5 
f 0.02' 
f 0.2 
- + 3  

6.7 f 0.6 6.7 f 0.7 
8.39 f 0.37b 8.09 f 0.27' 
15.8 f 0.7 15.6 f 0.4b ' 
44.2 % 1.8 43.7 f 1.3b , 

52.8 f 0'.5 54.1 f, 0.3 , 

18.9 2 0.2, 19.4 5 0.2 
35.7 2 0.3 ' 35.8'2 ,0.3 a a 

6.57 f 0.12 6.61'2 0.12 
0.82 & 0.03 10.79 f 0.03 I 

5.75 f 0,09 5.81 f 0.10 , 
0.14 f 0.0,l  0..14 i 0.01 ' 
22.0 f 2.1 ' 23.8 f 1.5' 

S I 0  

221 2 28b 202 f 8 

0.81 f O.OS?c 0.77 i 0.54 
11.1 f 0.2 IL2 f 0.2b 
118 2 *1lC 92 i 6 

, SGPT ( I U / L )  45 f 4 49 2 7 4 4 2 3  ' 

A l k ,  Phos. ( I U / L )  73 2.. 8 67 1, 5 5 8 2 4  ' 

Bilirubin ( rng/d l )  0.23 2 0.03 0.34'+,0.12c 0,.29 2 0.03 

a Mean 5 SE, N = .7-10 samples/group. 
Different from ,control, p i 0.05. 
Different from control, p C 0.01. 

1 ,  

, 
time of sacrifice. 
most likely a virus, but no distinct morphologic features were 
present which would incriminate a singular viral disease. 
Because viral agents or environmental'conditions causing 

both 'positive a n d  negative fashions, it w a ' s  'decided to submit 

,The etiologic agent f o r  the pneumonia PES 

i 

' pneumonia,in rodents may subsequently influence,tumori$enesis,in , 

'serolggical samples to an independent laboratory f'or'analysis. 

Samples were collected from 20 control, 13 low dose, and 8 I ,  8 '  

high dose rats sacriziced at 9 months postexposure.' Results of 
the tests for rat coronavirus ( R C V )  and sialodacryoadenitis ( S P A )  
using ELISA methodology vere positive in t h e .  vast majority of 
.cases. A positive response for this test ic i 0.17 absorbance 

, units. Most of,the rats tested demonstrated values in ,excess of 
1-00 absorbance units,'indicating that a+ some time during their 
life these rats ha.d become infected with th.ese viral agents. 

1 .  

, I .  

ii2 



TABLE 49. , F E M A L E  .RAT B L O O C  PARAMETERS' '21'  MONTHS , 

A F T E R  90-DAY C O N T I N U O U S  EXPOSURE .TO JP-8 

4 h n t r o l  ' 500 .mg/m3 1000 m g / m 3  

' WBC (xi03 c e l l ' s / m r n 3 )  4.8 2 0.2 4.8 2 0.4. 4.5 2' 0.2 
' RBC ( ~ 1 0 6  c e l l s / r n m 3 )  7,40 +, 0.13 7.47 5 0.09 7.56 -1: 0.20 
HGB (g/dl) 15.0 2~0.3 15.1 2 0.1 15.1, -1: 0.3 

40.7 2 0.5 40.9.,+ 1.1 
, I  MCV (urn31  5 4 . 3  2 0.2 54.4 2 0.3 5 4 . 2  2 0.2 

' 3 7 . 4 . k  0 . 1 , '  37.1.2 0.3: 37.0 % 0 4 

.HCT ( % )  ' , ,40.2 5 0.8 

20.1 5 0 ,2  , I  I 4 MCH '(Pg) 20.3 5 O , . l  LO.2 2 0.1 
, MCHC (g/dl) 

Glucose  ( m g / d l )  2 4 0 . 5  29 176 2 lob  
I 178 2 86 

T0.t. Pro. (g/dl.) 7.93 f 0.2 7.45 f 0.,07c8 '37.49 f 0112 
A l b u m i n  ( . g / d l )  4 1.03 f 0 . 0 2  1.00 k 0.01 1.02 f 0.03 

I G l o b u l i n  ( g / d l )  15.93 f 0.20 6.45 f 0h06b 6.47 k 0.119 
A / G  Rat'io 0.15 f 0.02 0.15 f 0..01 0,16 f 0.01 

Creatinine ( m g / d l )  , 0.78'5 0.02. 10.64 2 0.03 0.63 k 0.02b 

SCOT ( I U / L )  134 2 9 104,+ 6' 130 5 13 
SGPT (IU/L) 70 f 12 53 2 3c ' 52 f 4', I 

Alk., Phos. ' ( IU/L. )  88 It 17 73 k 7 66 +, 6 

BUN'  ( m g / d l )  , 16.7 f 1,.0 ' 14.6 f 0.3 ' 1 5 . 2  k 0 . 5  

C a l c i u m  (rng/dl) " 13.4 f 2.0 , 10.9 2 0.3. 11.1 k 0.2 

B i l i r u b i n  (mg/dl ) 0.23 f, 0.02'  O J 7  'f 0.02 , 0.19 f 0.02 

a Mean f SE, F = 8 t o  lO'samples/group.; ' . 
- b  ' D i f f e r e n ' t .  f r o m  control, p r; 0.01. , 

1 
D i f f e r e n t  from control, p < 0.05, , I  

* '. 

' ,  * .  

, .  & TABLE so.' URINE,OSMOLALITY AND PH V A L U E S ~  OF RATS 
21 MONTHS. AFTER 9 0 - D A Y  CONTINUOUS EXPOSURE TO JP-8 

,-- . 
Examinatlop Period - n s m o l a l i t y  ( m O s m / L )  

Exposure 2-Week 9-Mont h 2 l-Mop t h .-.- $' ' concent rat ion' 
' I  1 , ( m g / r n 3  Preexposurc Termination Postexposure Postexposure Postexposure 
.-. *. . * 

14.50-* 89 1005 f 60 1496 ,f 114' lb7a f 155 890  k 118 . .  Control 
500 ' 1462 .f .83 I 925 f 161 1169 57b 765 f 80 463 f. 47b 
1000 1412 f 113 394 & '60' 1 2 3  i 43' , 799 f 84 517 f 47b 

-. - 

, . . '  
I, .. - - .  . - .  e .  - . -  

' Ex,amination Period - pH Value , 
- .  -:.-..* 

7 ... (mg / m 3  Preexposure Termination Postexposure Postexposure Postexposure 
Exposure 2-Week %Month .2 1,-Mon t h  , . . ' .  

Concentration . i .  

. - :. . - . .  --., * - . *  .-.. - -. .-. .  .- . .  .- .. 
Control 8 . 1  It 0.1 7 . 7  2 0 . 7  7.4'* 0 .2  7 . 9  * 0.2  7.0 f 0.1 
500 7 . 7  ;r 0.1  7.1 f: O ' . l b  6.5 +, O . O b  , 8.4  5 0.1' . 6 . 5  ,+ 0.0' 

6 . 8  -+ 0.1 ..-.- .....--. - 1000 7.8 +, 0.2 7.2,+, 0.1' 7.9 f: 0.3c q.8 2 0.2  

I : F-- .' .-- .\:- 
Different  from contro l ,  p < Q.01. i .*.--'. ., ,.-'.- . .. *--\-.* Different frwn control, p < 0.05. .-* -.- 

.-.. 
t - _ . .  .) 

a Mean 5 SE, N = 9 t o  1.0 samples/group. 

, 
* -.---*-:. 
=- .-;*--. t -4 ---- 9 
*.::-.;.-. , 

113 . .  
.. . . .- . . . . . . . I .  
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' , I  

i 
T h e  e f f e c t s  n o t e d  i n  r a t s  e x p o s e d , t o  JP-8 a p p e a r  t o  b e  simi-' 

l a r  t o  t h o s e  o b s e r v e d  i n  r a t s  e .xposed  t o  o t h e r  h y d r o c a r b o n  f u e l s .  , i  . 

, t r a t i n g  a b i l i t y .  T i s s u e  s a m p l e s  f r o m  t h e  a n i m a l s  from t h i s  s t u d y  
are.  b e i n g  s e n t  t o  an i n d e p e n d e n t  p a t h o l o g i c a l  s e r v i c e s  g r o u p  f o r  

1 '  1 = I 

A l t h o u g h  m o s t  of t h e s e  c h a n g e s  a r e  s l i g h t  t h e y  i n c l u d e  anemia,  
increased  k i d n e y  a n d  l i v e r  w e i g h t ,  a n d  decreased u r i n e  c o n c e n -  

1 ' i  ' I 

e x a m i n a t i o n .  R e s u l t s  of these  e x a m i n a t ' i o n s  w i l l  be  p r e s e n t e d  In 
a f u t u r e  a n n u a l  r e p o r t .  -2, 

. $  ,.-. 
'-i 
r- i 
* ' J  , 
.' 1 

- ,  
, I I )  

. .. 
THE EXPERZYERTAL ' DZTEFYINATTON QF SAFE ATMOSPHERIC 

.> 
# 

, .  1 ' I '  KXPoSURE CbNCENTRATIONS OF JP-10 JET FUEL 
I I ,  

. .  
JP-IO is  u s e d  as a . j e t  f u e l  e i t h e r  a l o n e  ,or as a major c o n -  ' 

s t i t u e n t  ( 7 0 5 6 ) ' o f  JP-9 , f u e l  b e c a u s e  of i t s  hig.h d e n s i t y  a n d  o t h e r  
d e s i r a b l e  p r o p e r t i e s .  I t  is ' a l so  u s e d  a s  8 m i s s i l e . p r o p e 1 l a n t  ;n 

. .  
a i r  b r e a t h i n g  t u r b o j e t , e n g i n e s .  J P - 1 0  i s  a s y n t h e t i c  s a t u r a t e d  * _ '  

I p o l y c y c l i c  h y d r o c a r b o n  i d e n t i f i e d  as, t r i c y c l o  (5 .2 .1  .02  9 6 ) ,  ; h 

d e c a n e .  I t  i s  t h e  e x o - i s o m e r  of t e t r a h y d r o d i z y c l o p e n t a ' d i e n e .  ' . * - -  

.' 98% p u r i t y  w i t h  t h e  e n d o - i s o m e r  of tetrahydrodicyclopentadiene a s  ...-y 
t h e  major i m p u r i t y  ( a b o u t '  2%) .  This i n f o r m a t i ' o n  was ; r e s e n t e d  i n  . -~ 
a ' d e t a i , l e d  r e v i e w  of t h e  c h e m i s t r y  a n d  t h e  u s e  of JP-10 a t  t h e  
T h i r t e e n t h  C o n f e r e n c e  on  E n v i r o n m e n t a l  T o x i c o l o g y  (1982) 

- ,  

' ;.-- .'-\. Gas , c h . r o m a t o g r a p b i c  a n a l y s i s  of  t h i s  f u e l  i n d i c a t e d  t h a t  i t  h a s  a 
.- .  
.-.  
.-.\ 
;I..> 

by , .*-. 
I I _  . 
- , -  

._- * . . -  '_-*..' 

'*. -.. 
, .-..:*. 

*- _. ((. . t 

I nman.  1 ' )  

T h e  . a c u . t e  t o x i c i t ' y  of JP-10 was r e p o r t e d  by K i n k e a d  e t  i s i l .  

;: :L (1979). O r a l  L D s o ' v a l u e s  were u n o b t a i n a b l e  f o r  male or f e m a l e  , 
F i s c h e r  3 4 4 ' r a t s  . a n d  f o r  Golden S y r i a n  h a m s t e r s  s i n c e  t h e  maximum 
u s a b l e  v o l u m e  dose of 20  mL/kg c a u s e d  o n l y  p a r t i a l  m o r t a l i t y  i n  

. e i t h e r  s p e c i e s .  MacEwen,and  , V e r n o t  (1979) r epor t ed '  a n  L D S O  f o r  

*... . .- . . * .-A 

:**:. . 
. .:_.. 
. .. - - .. . , I :.. ' 

.:. e _ . - *  - _ . .  - _.. ~ ' - _ - -  . _- .  
' "female C57BL/6 rr.ic.e of 3.9 mL/kg. D e a t h s  o c c u r r e d  w i t h i n  4 8  

h o u r s  of t reatment  w i t h  c o n v u l s i o n s  p r e c e d i n g  d e a t h .  The  i p  LDso 

&male F i s c h e r  344 r a t s ,  r e s p e c t i v e l y ,  a n d  f o r  female C 5 7 B L / 6 ,  
mice, 1.1 rnL/kg. Male G o l d e n  Syrsian h a m s t e r s  were r e p o r t e d  t o  
h a v e  a n  i p  LDso v a l u e  of 1 . 4  mL/kg. JP-10 c a u s e d  & n o  i r r i t a t i o n  
to e y e s ' o r  s k , i n  ,of ' N e w  Z e a l a n d  W h i t e  r a b b i t s , '  b u t  w . & s ' f o u n d  t o  

v a 1 u e s " f o r  r o d e n t s  were, 1 . 2  mL/kg a n d  1 .6  mL/kgI f o r  'male a n d  * .  :. 

1 . ' .  - .  . .:. . .  . .  . .  : .:: . -  
- .  . .  . . . .  .. ._ . . .  . .  . . .  produce m i l d  de rma l  s e n s i t i z a t i o n  i n  H a r t l e y , s t r a i n  g u i n e a .  p i g s .  -~ 

MazEwen a n d  V e r n o t  a . l s o  rebor ted  t h a t  
JP-10 was 1221 ppm f o r  male r a t s  a n d  1194 ppm f o ~  female r a t s .  . . . . - .  

seen i n  h a m s t e r s  e x p o s e d  6 h o u r s  t o  s a t u r a t e d  v a p o r  p r e s s u r e  c o n - '  

il 

.---:*-.,-, 
s: -.-*-..-, . .-_ - - '-. * -.=-. 
*. - .  .-. .= . 
*. -. .\;. 

t h e  4 - h o u r  LCso f o r  i n h a l e d  

The ALCso f o r  female mice was g i v e n  as 930 pprn. N o  m o r t a l i t y .  w a s  

c e n t r a t i o n s .  JP-10 p r o d u c e d  n o  d e a t h s  i ,n  a g r o u p  of N e w  Z e a l a n d  
Whi t e  r a b b i t s  f o l l o w i n g  de rma l  a p p l i c a t i o n s  of 20 mg/kg (MacEwen' 
a n d  V e r n o t ,  1980). 

- , v - --. 
, . .. .-- . . .. - 

.*. - . -. - . 
. 

_ - _ A :  _ . _ - .  . . .  - . .:. 
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, 

i 
Emergency e x p o s u r k  l i m i t  s t u d i e s  ,of i n h a l e d  JP -10  v a p o r s  , 

were r e ' p o r t e d ,  by K i n K e a d . e t  a i .  ( 1 9 7 9 ) .  A f t e r  s i n g l e  s h o r t  h i g h  
l e v e l  e x p o s u r e s  of b e a g l e  d o g s ,  r a t s ,  a n d  mice t h e y  f o u n d  s l i g h t  
CNS r e s p o n s e s  a t  v e r y  h i g h  c o n c e n t r a t i o n s .  They recommended 
c,oricentrations o f  1000, 600 ,  a n d  150 ppm f o r  l,O, 30,  a n d  60 min- 
utes d u r a t i o n  for s h o r t - t e p m  e x p o s u r e  limits. 

JP-10  was n o t  e m b r y o t o x i c  'for p i e g n a n t  I C R  mice t r e a t e d  w i t h  
d o s e s , . o f  t h i s  f u e l  u p  t o  '0.8 mg/kg d u r i n g ,  o r g a n o g e n e s i s  ( L y n g : ,  
1.981). I n  s t i i d i e s  r e p o r t e d  by Keller e t  a l .  (1983) JP-10  
d i d  n o t  p r o d u c e  c h s n g e  i n  f e t a l  w e i g h t  o r  d i f f e r e n c e  f r o m  con- 
t ? o l s  o f  m a l f o r m a t i o n s  o r  . r e s o r p t i o n  od r a t  l i t t e r s  f r o m ,  dams , 

t r e a t e d  w i t h  d o s e s  o f  JP-,lO u p  t o  1000 mg/kg o n  g e s t a t i o n  d a y s  6 
t h r o u g h  15. I n h a l a t i o n  e x p o s u r e s . o f  p r e g n a n ' t  r a t s  d u r i n g  t h i s  
same p e r i o d  t o 9  a 600 ppm c o n k e n t r a t i o n  f o r  '6 h o u r s / d a y  c , a u s e d '  
some c o n v u l s i o n s  i n  t h e  dams b u t  n o  m e a s u r e a b l e  c h a n g e s  i n ' f h e  
fe tuses  o r  p u p s  i n  r e s u l t i n g  . l i t t e r s .  

I 

, S h o r t ' - t e r m  b i o a s s , a y s  were d e s c r i b e d  by  A r t h u r  D.  L i t t l e  I n c . .  
(1982) i n  w h i c h  o n ' l y  a margin'al c l a s togen ic  e f f e c t  was r e p o r t e d  
f o r  t h e  CHO/chromoscrne a b b e q a t i o n  a s s a y .  N e g a t i v e  o r  i n c o n c l u -  
s i v e  r e s p o n s e s  were r e p o r t e d  f o r  t h e  R m e s  ~Sa1monell 'a/rnamma1 i sm 

a s s a y ,  t h e  C H O / s i s t e r  c h r o m a t i d  a s s a y ,  a n d  t h e  BALB/C-3T3 n e o - '  
p l a s t i c  t ransformat ion  a s s g y .  

' microsomal m u t a g e n i c i t y  a s s a y ,  t h e  CHO/,HGPKT2 g e n e  m u t a t i o n  

T h e  t i s s u e  d i s t r i b u t i o n  o f  JP -10  a f t e r  i n t r a p e r i t o n e a l  i n -  
' j e c t i b n  o f  r a d i o l a b e l e d  ! f u e l  w a s  r e p , o r t e d  by Inman e t .  a1 . ( 1 9 8 2 )  

who a l s o  i d e n t i f i e d  t h e ' m a j o r  u r i n a r y  metabol i te  a's 5 - h y d r o x y  ' 

exo-tetrahydrodicycloQentadiene e x c r e t e d  a s  ' t h e  g l u c u r o n i d e  
c o n j u g a t e .  < 

I 

' B e c a u s e  t h e  u s e  o f 8 J P - 1 0  i n  o p e r a t i o n a l  miss i les  was b e i n g  
e x p a n d e d ,  t h e  ' numbers  of f u e l  h a n d 1 , e r s  e x p o s e d  t o  t h i s  material  
were a l so  i n c r e a s i n g ,  a n d  t h e r e  was a n e e d  t o  d e v e l o p  d a t a  f9 ' r  
h a z a r d  e v a l u a t i o n  and t o  e s t a b l i s h  safe  . _  e r : . o s u r e  l i m i t s .  

I /  

0 0  

P r e l i m i n a r y  a c u t e  i n h a l a t i o n  e x p e r i m e n t s  h a d  shown t h a t  mice 
' 'were t h e  m o s t  s e n s i t i v e  spec ie s t to  J P - 1 0  when 6 a n i m a l s  exposed  

t o  1000 yprn-cK 4 h o u r + -  T,o a i d  in s e l e c t i o n  o f  la,  c o n -  
c e n t r a t i o n  of t a b l e  f o r  u s e  i n  a y e a r - l o n g ,  6 h o u r s / d a y ,  
5 d a y s j w e e k  e x p o s u r e  r e g i m e n ,  g r o u p s  o f  5 female ra ts  a n d  5 f e -  
male m i c e  were e x p o s e d  t o  250 ppm f o r  f i v e  6 - h o u r  e x p o s u r e  d p y s .  
The  c o o r d i n a t i o n  o f  t h e  mice a , p p e a r e i d  s l i g h t l y  a f f e c t e d  o n  t h e  I 

f i r s t  d a y  of e x p o s u r e .  R e s p i r a t i o n  r a t e s  of bo",  r a t s  a n d  mice 
were more r a p i d  t h a n  n o r m a l  d u r i n g  t h e  s e c o n d  d a y s '  e x p o s u r e .  

d a y ,  b u t  r e c o v e r e d  a n d  a p p e a r e d  normal t h e r e a f t e r .  For t h e  rest  
O n e  mouse h a d  a s l i g h t  c o n v u l s i o n  e a r l y  on t h e  s e c o n d  e x p o s u r e  I 

115 



of t h e  e x p o s u r e ,  no  f u r t h e r  s i g n $  of tox, ic  stress were n o t e d  i n  
e i t h e r  s p e c i e s .  Mean body w e i g h t s  of t h e  mice d i d  n o t  i n c r e a s e  
d u r i n g  t h e  week f o l l o w i n g  terminat ior l  o f  e x p o s u r e . .  

As a r e s u l t  o f  t h e  t o x i c  e f f e c t s  s h o w n  i n  mice i n  t h e  s h o r t -  . 
term i n h a l a t i o n  tes ts ,  a c o n c e n t r a t i o n  of 100 ypm (556 mg/m3) 
JP-10 was selected f o r  c h r o n i c  i n h a l a t i o n  ' s t u d i e s  w i t h  a n i m a l s  t o '  . ,  , .  

d e t e r m i n e  s a f e  e x p o s u r e  l i m i t s . ?  8 ,  

The JP-10 u s e d  for t h e s e  a n i m a l - . e x p o s u r e s  was ' o b t , a i n e d  by 

P u r e b r e d  b e a g l e  d o g s  were se,lected f r o m  a, b a d  l i n e  g r o u p  o n  

t h e  A i r  F o r c e  from S u n t e c h ,  I n c , .  , Marcus Hook, Pen 'nsy1 ,vania .  
I 

I ,  8 4 ,  , I : , j ,I, I .  b ,  

t h e  b a s i s  of e x a m i n a t i o n  a n d .  g e n e r a 1 , o b s e r v a t i o n  of g o o d  h e a l t h  
a n d  s e v e r a l  p r e e x p o s u r e  c l i n i c a l  c h e m i s t r y  d e t e r m i n a t i o n s .  
F i s c h e r  3 4 4  rats a n d  Goldein.  S y r i a n ,  h a m s t e r s  were o b t a i n e d '  f r o m  

. ' t h e  C h a r l e s  R i v e r  B r e e d i n g  L a b o r a t o r i e s .  
chased  .from t h e  J a c k s o n  L a b o r e t o r y  a n d  . b e a g l e  dogs from R i d g e l a n  . . ,  

Ferms I n c .  Two-hundred f e m a l e  mice', 1100 male hamsters ,  50 r a t s  
a n d  4 . d o g s  of e a c h  s e x  were u s e d  i n  t h e  e x p o s u r e  g r o u p  *and a n  
e q u a 1 , n u m b e r  of a n i m a l s  o f  each s e x  a n d  s p e c i e s  s g r v e d  as un- 
t rea ted  c o n t r o l s .  
c h a m b e r  , w i t h  m i c e  a n d  hamsters i n  a s e p a r a t e  c o m p a n i o n  chamber.  

A n i m a l  e x p o s u r e s  to JP-10 were c o n d u q t e d  f o r  1' year ,  u s i n g  

, 
I( 

C57BL/6 mice were p u r -  

. )  

The dogs a n d  rats'  were housed i n  o n e  e x p o s u r e  

a n  i n d u s t r i a l  work week s c h e d u l e  o,f 6 h o u r s / d a y ,  5 d a p s / w e e k ,  

r e g i m e n .  
o p e r a t e d  w i t h  n o m i n a l  a i r f l o w s  o f  30 cfm a t ' a  s l i g h t l y  r e d u c e d  
p r e s s u r e ,  725 mm Hg, t o  a v o i d  l e a k a g e  of JP-10  v a p o r  into t h e  
1 , a b o r a t o r y  e n v i r o n m e n t .  . 

w i t h  h o l i d a y s  a n d  w e e k e n d s  o f f  t o  s i m u l a t e  a 'human e x p o s u r e  I 

T h e  Thomas D o m e  e x p o s u r e  c h a m b e r s  (Thomas ,  1965) '  weTre 

Details of t h e  e x p o s u r e  m e t h o d s ,  t es t s  p e r f o r m e d ,  a n d  some 
r e s u l t s  were p r e s e n t e d  i n  a p r e v i o u s  a n n u a l  report  (MacEwen a n d  
V b r n o t ,  1983). D u r i n g  t h e  c u r r e n t  r e p o r t  p e r i o d ,  r e s u l t s  of 
h i s t o p a t h o l o g i c  e x a m i n a t i o n ,  'of t i s s u e s  ' f r o m  t h e  e x p o s e d  a n d  ' 

, '  

copt ro l  d o g s  were r e c e i v e d .  ' ,  

t H i s t o p a t h o l o g i c  f i n d i n g s  i n  t h e  J5 d o g s  t h a t '  were s a c r i f i c e d  
5 y e a r s  y o s t e x p o s u r e  w e r e  c o n s i d e r e d  t o  b e  common c h a n g e s  t y p i -  
c a l l y  s e e n  i n  a g i n g  d o g s .  Two e x p o s e d  males had p a t c h y ,  m i l d  
t e s t i c u l a r  a t r o p h y  c h a r a c t e r i z e d  by 1os.s of s p e r m a t o g o n i a .  S i n c e  
e v i d e n c e  of l o n g - t e r m  t e s t i c u l a r  damage w a s  l a c k i n g ,  t h i s  l e s i o n  , . .  
was p r o b a b l y  n o t  e x p o s u r e  re la ted .  T h r e e  tumors were s e e n  i n i  t h e  
dogs u s e d  i n  t h i s  s t u d y . ,  O n e  c o n t r o l  male h a d .  ari e d e m a t o u s  p o l y p  
of t h e  a n ' u s ,  w h i l e  a n  adenoma was seen i n  t h e  a d r e n a l  c o r t e x  of 
a n o c h e r  male  C O n t r O l . ,  An a d r e n a l  p h e o c h r o m o c y t o m a  was o b s e r v e d  i n  
a n  e x p o s e d  female d o g .  A l l  of t h e s e  tumors a r e  common i n  d o g s .  
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' .  H i s t o l o g i c  c h a n g e s  n o t e d  i a  ra't,s, mice, a n d  h a m s t e r s  were '  
p r e v i o u s l y  r e p o r t e d ' .  
were' an increased i n c i d e n c e  o f ,  f a t t y  l i v e r s  i n  JF-10  e x p o s e d  
mice, a n d  of more s i g n i f i c a n c e ,  r e n a l  t u b u l a r  n e p h r o s i s  t o g e t h e r  
w i t h  a s i g n i f i c a n t  increase i n  b e n i g n  a n d  m a l i g n a n t  r e n a l  c e l l  
t u m o r s  i n  male ra t s .  
incr,eased r e n a l  n e p h r o p a t h y  i n  t h e  male r a t  is n o t  c l e a r l y  u n d e r -  
s tood.  N e p h r o p a t h y ,  common t o  many h y d r o c a r b o n '  f u e l s ,  h a s  n o t  
b e e n  seen i n  t h e  f e m a l e  r a t  n o r  i n  mice, h a m s t e r s  .or dog,s. T o ,  
d a t e  t h : r e  h a s  b e e n  n o  c o n c l u s i v e  e v i d e n c e  o f  , r e n a l  n e o p l a s i a  i n  
man r e s u l t i n g  f r o m  e x p o s u r e  t o  h y d r o c a r b o n  f u e l s .  

The i m p o r t a n t  f i n d i n g s  i n  t h e s e  s p e c i e s  

The s i g n i f i c a n c e  o f  renal c a r c i n o m a  a n d  

' '. 

I ,  4 ,  , I  * # I  , I  
. .  I I I 

The r e s u l t s  o f  t h i s  s t u d y  p r o v i d e  e v i d e n c e  th'at 100 ppm 
JP-10 may n o t  be  a safe  e x p o s u r e  l e v e l  for man. B a s e d  o n  t h e  
i n f o r m a t i o n  d e v e l o p e d  i n  t h i s  s t u d y ,  a time w e i g h t e d  a v e r a g e  

( McNaughton, I981 ; McNaughton e t  a l . ,  1984) .  - l (TWA) i n t e r i m  e x p o s u r e  l i m i t  o f  25 ppm J P - 1 0  h a s  been recommended 

SUBCHRONIC 90-DAY CO~'YINUOU$ INHALATION EXPOSURE 
TO DIMETHYL YBTHYLPAOSPHONATE 

D i m e t h y l  m e t h y l p h o s p h o n a t e  (DMMP), i? u s e d  b y  t h e  m i l i ' t a r y  ,as , , 

, .  
1 a n e r v e  g a s  s i m u l a n t  i n ' t r a i n i n g  , e x e r c i s e s .  S i n c e  t h i s  t y p e  of 

' o'r p h y s i c a ' l  c o n t a c t  w i t h ' s k i n  a n d  c l o t h i n g ,  t h e  A i r  Force re- 
u s e  may r e s u l t  i n  human e x p o s u r e  t h r o u g h  i n h a l a t i o n  of DMMP v a p o r  

q u e s t e d  t h a t  t h e  THRU e v a , l u a t e , t h e  t ox ic  h a z a r d  associated w i % h  , 

, DMMP. 
. .  

A 90-day c o n t i n u o u , s  e x p o s i u r e ' r e g i m e n  w a s  d e v e l o p e d  t o  t e s t  
DMMP'. 
ppm o r  25.0 ppm DhIMP. A shkm e x p o s e d  c o n t r o l  g r o u p  was a l so  m a i n l  
t ' a i n e d ' .  

Mice a n d  r a t s  were e x p o s e d  $0 c o n c e n t r , a t i o n s  of e i t h e r  25 

G r o u p s  c o n s i s t e d  o f . 8 5  male a n d  85 f e m a l e  F i s c h e r  344 
* .  ra ts  a n d  100 r n a l e , a n d  100 f e m a l e  C57BL/6 mice. F o l l o w i n g  t h e  

, e x p o s u r e  p e r i o d  15 ra-ts a n d  2 5  mice of each s e x  f r o m  each group 
were s a c r i f i c e d  f o r  t i s s u e  c o l l e c t i o n  a n d  e x a m i p a t i c n .  An a d d i -  
t i o n a l  10  r a t s  a n d  10 m i c e  of each sex '  a n d ' g r o u p  were z a c r i f i c 2 d  
a t ,  3 a n d  12 m o n t h s  p o s t e x p o s u r e c  I A l l  g r o u p s  w i l l  be t e r m i n a t e d  
f o r ~ e x a r n i n a t i o n  a t  t h e  2 4 t h  month,  o f  t h e  s t u d y .  

._ 

( 8  4 

A complete d e s c r i p t i o n  of t h e  DMMP g e n e r a t i o n  a n d  m o n i t o r i n g ' .  ' 

s y s t e m  was. p r o v i d e d  i n  t h e  p r e v i o u s  a n n u a l  r e p o r t  ( M a c E w e n  a n d  
V e r n o t ,  ' 1984). Also i n c l u d e d  i n  t h a t  r e p o r t  were t h e  r e s u l t s  of 
t h e  e x a m i n a t i o n s  'of b l o o d  samples a n d  o r g a n  w e i g h t s  c o n d u c t e d  at 
e x p o s u r e  t e r m i n a t i o n  a n d  3 ' m o n t h s  p o , s t e x p o s u r e .  S i n c e  - a t  re- 
port t h e  12 month  p o s t e x p o s u r e  sacr i f ic .e  has b e e n  comple t ed .  

I .  

, *  
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Mortali ty i n  a n i m a l s  exposed  c o n t i n u o u s l y  t o  DMMP f o r  90 
d a y s  i s  shown i n  T a b l e  51. 

, '  , : I  I '  , 

17l54 , 2 5 / 5 5 e  _1 
TABLE 51. MORTALITY~ I N  ANIMALS EXPOSED TO DMMP 

C o n t r o l  1 2 5  ppm' 250  pprn 
. I  . -. 

CS7BL/6 Mice, Male (17)b 15/55, 
'C57BL/6 Mice, 'Female  (17) 2 6 / 5 5  31,/54 ' 43/61'  I 

F i s c h e r l 3 4 4  kats, 'Male (18) " ' 7/50 4 10/47,1 26/49C ' . : ,  .. ' *  . '  ' 

F i s c h e r  344 R a t s ,  Female  (18) . ' 12/47 ' 11/48 16/ 4 5  . _  I .  

. I  ' .  
a Denominator  c e n s o r e d  t o  e x c l u d e  s c h e d u l e d  s a c r i f i c e s  ,' m i s s i n g ,  
' a n d  a c c i d e n t a l  d e a t h s .  0 r i g i n . a l  N v a l u e s  = 100 m i c e / s e x ,  85 ' 

, .  ' r a t s / s e x .  

* P o s t e x p o s u r e  month.  ,, 

D i f f e r e n t ,  f rom c o n t r o l ,  p C 0.'05. . .  

A n a l y s i s  of t h e  m o r t a l i t y '  d a t a  w ' i th  a Mantel-Cox t e s t  i n d i -  
cated s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  male a n d  f e m a l e  mice a n d  
male r a t  e x p o s u r e  g r o u p s  an,d r e s p e c t i v e  c o n t r o l s ,  . .  

v ,  

Male r a t  body w e i g h t s  a r e  shown i n  F i g u r e  6 .  Wale r a t s ,  
e x p o s e d  t o  250  ppm DMMP d e m o n s t r a t e d  r e d u c e d  w e i g h t  g a i n s  d u r i n g  
t h e  90 d a y  e x p o s u r e  p e r i o d  when compared  t o  c b n t y o l s .  Subse-  
q u e n t l y ,  t h e  body w e i g h t s ' r e t u r n e d  t o  n o r m a l . '  However,  d u r i n g  
t h e  l a t e r  p e r i o d  of p o s t e x p o s u r e  o b s e r v a t i o n ,  t h e  male rcts ex-  
p o s e d  t o  250  ppm DMMP h a v e  shown a c o n s i d e r a b l e  w e i g h t  loss. 
Al though  b o t h  c o ~ t r o l s  a n d  2 5  ppm DMMP exposed male r a t s  a r e  a l s o  
showing  a w e i g h t  l o s s ,  i t  i s  n o t  a s  s e v e r e  as t h a t  s e e n  i n  t h e  
h i g h  l e v e l  e x p o s u r e  group. Female  r a t s l e x p o s e d  t o  250 ppm DMMP 
a lso  g a i n e d  less  w e i g h t  t h a n  c o n t r o l  ra t s  d u r i n g  t h e  e x p o s u r e  
( F i g u r e  7 j .  S u b s e q u e n t  p o s t e x p o s u r e  w e i g h i n g s  showed s u s t a i n e d  
w e i g h t  g a i n  i n  t h e  250 pprn e x p o s u r e  g r o u p ,  and  a t  3 months  a f t e r  
remova l  from e x p o s u r e  no  s i g n i f i c a n t  d i f f e r e n c e s  were n o t e d  bo- 
t w e e n  t h e  body w e i g h t s  of t h i s  g r o u p  and  c o n t r o l  f e m a l e  ra t s .  
E x p o s u r e  t o  2 5  ppm DMMP d i d  n o t  a f f e c t  f e m a l e  rat body w e i g h t  
g a i n .  

Blood w a s  co l lec ted  from t h e  rats sacr i f iced  a t  1 2  m o n t h s  
p o s t e x p o s u r e .  The r e s u l t s  of h e m a t o l o g y  and  c l i n i c a l  c h e m i s t r y  
m e a s u r e m e n t s  a r e  shown i n  T a b l e s  5 2  a n d  53 f o r  males a n d  f e m a l e  
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F i g u r e  7. Effect of DMW on female ra t  body weight. 
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, TABLE 5 2 -  MALE RAT BLOOD'PARAMETERSa 12  MONTHS 
' AFTER EXPOSURE TO DMMP 

\ 

C o n t r o l  2 5  ppm 250 ppm - 
' WBC ( x 1 0 3  cells/rnm3) 6.2 f 0.2 

RBC (x106 cells/rnm3) 8.81 f 0.13 
HGB ( g / d l )  15.6 f 0 . 2  
HCT' (%)  43.5 f 0.8 

MCH ( p e l :  i7.8 f 0.2 
MCHC ( g / d l )  I . ,  ' , ,36.0 *' 0 . 4 ,  
G l u c o s e  (mgrdl) 300 +, 33 ' 

T o t .  Pro. ( g / d l )  7.2,5 f 0.04 

Globul ' i t i  ( g / d l ) '  6.35 f 0.04 

M C V  (urn3> ,49.4 f 0.2 

ALburntn ( g / d l )  0.91 f 0.01 

I (  

' A / G  Rat io  0.14 f 0.002 

, C r e a t i n i n e  ( r n g / d l )  0.6 f 0.02 
" I BUN ( m g / d l )  15.7 f 0.4 

Calcium ( m g / d l )  111.6 f ' 0 . 2  
SGOT ( I U / L )  9 7 * 5 ,  

R i l i r u b i n  ( m g l d l )  0 .2  2 0.01 

, SGPT (IU/L) 80 2 4 
i l k .  P h o s .  ( I U / L )  95 t r f :  7 

6.6 f 0 . 4  
8.20 f O.lOb 
14.9 f 0.2 
40.0 'f 0.5b 
4 8 . 8  i 0.2 
18,.2 f 0.9 

209 2 9 
37 .3  * O . 1 b  

7.15 f 0.06 

6 . 2 7  f 0.06 
0 . 1 4  f t  0.003' 
15.6 f 0.9 

11.1 i 0.1 
1151 f 7 
7 9 + 5 '  

0.2 rf: 0.02 

0.88 5 0.02 

0.5 f 0.02 

92 +, 6 

6 . 6  f 0.3 

1 4 . 8  f 0.3b 
4 0 . 8  2 l.lb 
50'.3 f; 0.3 

8 . 1 2  0.22b 

, *  
1 8 . 2  f 0.2 
36.3 $ 0.4 

285 2 44 
6.90 k 0.07' 
0.82 f 0.01' ' 

6.09 'f 0.07b 
0 . 1 3  f '0 .002b 
1 8 . 4  'k 0.7b 
0.5 f 0.02 

11.2 f 0.1' 
92, f 14 
7 8  f 9 
93 +, 10 

0.2 f 0.02 

, 

, I  
I ,  

'8 !&an ,c SE, N = 10. ' .  

D i f f e r e n t  from c o n t r o l ,  'p < 0.05. 
D i f f e r e n t  from control, p < 0~01. 

r a t s ,  r e s p e , c t i v e l y .  ASthough t h e r e  were 'some s t a t i s t i c a l  d i f f e r -  
e n c e s ' b e t w e e n  t h e  t e s t  a n d  c o n t r o l  male ra ts ,  a l l  values were 
w i t h ~ n  n o r m a l  r a n g e s .  Male ' ra ts  e x p o s e d  t o  DMMP c o n t i n u e d  t o  
show ' r e d u c e d  red b l o o d  c e l l '  c o u n t s ,  h e m a t o c r i t  a n d  h e m o g l o b i n  
l e v e l s .  T h e s e  r e d u c t i o n s  were s l i g h t ,  b u t  t h e y  were c o n s i s t e n t  I 

w i t h  t h e  e f f e c t s  n o t e d  i n  male r a t s  exami 'ned a t  e x p o s u r e  t e r m i n a s -  
N o  a b n o r m a l  v a l u e s  were n o t e d  i'n 

the f e m a l e  r a t s  e x a m i n e d .  
o b t a i n e d  from female r a t s  e x p o s e d  t o  2 5 0  ppm DMMP h a d  shown re7 
d u c e d  e r y t h r o c y t e  parameters. 

5 1  

' t i o n ' , a n d  3 m o n t h s  p o s t e x p o s u r e .  
A t  ' e x p o s u r e  t e r m i n a t i o n  b l o o d  s'amples . ' 

' Organ . w e i g h t s  m e a s u r e d  a t  t h e  '12-month  p o s t e x p o s u r , e  s ac r i -  
f i c e  a r e  s ~ o w n  i n  T a b l e  5 4 .  Organ weights r e l a t i y e  t o  body 
w ,thts a re  p r e s e n t e d  i n  T a b l e  55. Reduced  f a s t e d  b o d y  w e i g h t s  

, were seen i n  b o t h  g r o u p s  o f  e x p o s e d  male ra t s  when c o m p a r e d  t o  
controls .  T h i s  was n o t  c o n s i d e r e d  to be ax e x p o s u r e - r e l a t e d  e f -  
f e c t  s i n c e  t h e r e  'Ras no d o s e  r e s p o n s e  a n d  normal n o n - f a s t e d  b o d y  
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TABLE 53. FEMALE RAT BLOOD 9ARAMETERSa 12 MONTHS 
AFTER EXPOSURE TO DMhlP 

1 ,  

Con t r o 1 25 ppm 250 ppm 

I 

WBC ( x 1 0 3  cells/mm3) 4.9 1: 0.3 4.1 2 0.4 3.9 t 0.2 
RBC (%lo6 c e l l q / m m 3 )  , 7.33 1: 0.43 7.51 1: 0.16 7.61 t 0.92 

, ,  

,MCH { p g > '  
MCHC (gj 'd l )  
Glucose  (mgJdl ) 
Tot. Pro., (g/dl) 
A 1. bum i n ( ,g / d 1 ) 
G l o b u l i n  (g/dl) 
A/G Rat io  
BUN (mg/dl)l 
C r e a t , i n i n e  ( m g / d l )  
Calc ium (mg(d1) 
SGOT ( I U / L )  I 

SGPT ( I U / L )  
Alk. Phos. ( IU/L).  
R i l i  rubin  (mg/d 1) 

I 

15.4  2 0.3 ' 1.5.1 2 0.2 
39.2 f 2.2 40.6 f' 0.8 

I ,  +2,,2 6 &  2.3 , 20,.2 f 0.3 
53.d f 0;3 54.1 f '0.2 

'41.2 f 4.0 37.4 f 0.7 ' 

7.61 f 0'.11 "7.49 k 0.16 
0.96 2 '0.02 0.98 2 0.02 

' 6.64 i 0.10' 6.53 2 0.15 

17.5 f 0.9 , 15.'8 f 0.6 

1'79' f 12 194 * 24 

, 0.15 2 0.003 0...15 i 0.003 
0.5.2 0.02' 0 . 5  k 0.03 

127 f 17' 93 f 9 
' 1  11.3 f 0.1 11.0 f 0.3 

82 It 16 60 f 61 
' 8 8 f 7  ' 7 2  f 4 
'0.2 f 0.02 0.2 f 0.02 

15.2 F 0.2 
41.2 2 0.6 
54'.2 f 0.4 . 
19.9 1 0.2 
36.8 f 0.4 
163 f 5 

47.33 2 0.09 
0.95 2 0.01 
6.35 5 0.09 
O I . 1 5  k 0.002 
16.4 f. 0.6 

10.8 f 0.1 

72 f 6 
74 f 4 

0 . 4  k '3.04 I 

94 * 6 

0.2 f 0.02 

I 
. I  * 

, I  
a Mean S E ' ( N ) .  

TABLB 54. ORGAN W E I G H T S ~  OF RATS 12 MONTHS AFTER 
90-DAY CONTINUOUS EXPOSURE T0,DMMP 

Male Rats 
Concentration Weight ( 9 )  - 
0 Body Liver Kidney Spleen Testes - 

Control 
25 

' 250 

472 f 8 ' 12.70 f 0.48 3.09'~ 0.08 0175 0.03 3.67 f: .n.09 

442 f 8' 13.19. f 0.41 3.28.f 0.08' 0.85 f 0.03' 2.27 ~ . 0 . 2 3 ~  ' 
, 436 t 7b 12.64 'f 0.43 3.01 'f 0.06 0.76 i 0.02 3.64 i'O.07' 

I '  
. a  

I 

toncent rat- 3n 
(ppm) 

Female Rats 
Weight ( g )  

Body L i  ve r Kidney Spleen 

Control 254 ?: 13 6.54 2 0.23 1.82 2 0.0s 0.50 10.01 , 
25 257'2 5 6.46 c 0.15 1.7d ?: 0.03 0.52 2 0.02 
250 255 ,c 5 6:46 2 0.15. 1.82 2 0.03 0.54 2 0.02 

a Mean 2 SE. N = 9 ' o r  10 samples/grouy. 
Different from control, p < 0.01. 
Different from control, p < 0.05. 
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TABLE 55. RELATIVE ORGAN W E I G H T S ~  OF RATS 12  MONTHS A F T E R  
' 

90-DAY CONTINUOUS EXPOSURE TO DMMP 

C o n c e n t r a t i o n  Male R a t s  
(ppm) L i v e r  K i d n e y  S p l e e n  Testes 

, C o n t r o l  2 . 6 9  f 0.08 ' 0.66 f '0.01 0 . 1 6  2 0.01 0.78 f'0.02 
25 2.90, 1: 0.07 0.69 t 0.01 0.17 f; 0.0'03 0.84 f,0.03' 

' 250 2.99 f 0.08b 0.74 r 0.02b ,0.19 t 0.01' 0.52 ,+ 0.06' 

I C o n c e n t r a t  i o n  F e m a l e  'Rats I '  

I (p'pm) ' ' L i v e r  ' I  'K idney  ' I ' 3 l e e h  . '  ' 

C o n t r o l '  2.63 f 0.18 0.74 f 0.05 , 0.20 k 0.01 
25 2.52 5 0.06 0.70 f 0.01 0 .20  f: 0.01 
2 5 0  2.54 0.05 0.71 f 0.02 0.21 k 0.01 

a Mean 3 SE ( %  o f  body w e i g h t ) ,  N = 9 o r  10 s a r n p l e s / g r o u p .  
b 1 ) i f f e r e n t  from c o n t r o l ,  p < 0.01. 

D i f f e r e n t  fr,om c o n t r o l ,  p t <  0.05. 

I 

w e i g h t s  f o r  t h e  same p e r i o d  a re  n o t  g r e a t l y  d i f f e r e n ? .  Con- , 
s i s t e n t  w i t h  t h e  o r g a n  w e i g h t  measurements t a k e n  a t  the 90-day 
e x p o s u ? * e  t e r m i n a t i o n  ' a n d  3 m o n t h s  postexposure were i n c r e a s e d  
l i v e r  a n d  k i d n e y  w e i g h t s  a n d  r e d u c e d  t e s t i c u l a r  w e i g h t s  i n  male 
rats e x p o s e d  t o  250 ppm. T h e s e  c h a n g e s  were i n d i c a t e d  i n  b o t h  
a b s o l u t e  a n d  r e l a t i v e  o r g a n  w e i g h t s .  C h a n g e s  in o r g a n / b o d p  
w e i g h t  r a t i o s  of male ra t s  a t  t h e  25 ppm l e v e l  p r o b a b l y  r e f l e c t  
t h e  r e d u c e d  body w e i g h t  of t h e  groups.  N o  abnormal o r g a n  w e i g h t  
e f f e c t s  were s e e n  i n  $ h e  female r a t s  e x a m i n e d  a t  12  m o n t h s  p o s t -  
e x p o s u r e .  I n c r e a s e d  l i v e r  a n d  k i d n e y  w e i g h t s  h a d  p r e v k o u s l y  been & 

90-day e x p o s u r e  t e r m i n a t i o n  s a c r i f i c e .  

! 

I n o t e d  i n  female ra ts  e x p o s e d  t o  2 5 0  pprn DMMP when e x a m i n e d  a t  t h e  

I 

' , Discuss ion.  ' 
I ,  

D u n n i c k  e t ' a l .  ( 1 9 8 4 1 ) ' r e p o r t e d  r e p r o d u c t i v e ' e f f e c t s  i n  male 
ra t s  r e c e i v i n g  o r a l  d o s e s  o f  DMMP. I n '  t h a t  s t u d y  no t e s t i c u l a r  
w ' e i g h t  loss  was o b s e r v e d  in ra ts  t r e a t e d  w i t h  63 doses of DMMP a t  
c o n c e n t r a t i o n s  up  t b  2000 mg/kg.  C h a p i n  et a l .  ( 1 9 8 4 )  saw sig- VI 

n i f i c a n t l y  r e d u c e d  e p i d i d y m i s  w e i g h t  , i n  male rat-s r e c e i v i n g  d a i l y  
o r a l  d o s e s  of DMMP a t  1750 mg/kg, 5 d a y s / w e e k  f o r  1 2  w e e k s .  
However ,  no s i g n i f i c a n t  t e s t i c u l a p  w e i g h t # , l o s s  was s,een. T h e s e  , -  

s t u d i e s  e s t a b l i s h e d  m a l e  Tat  r e p r o d u c t i v e  d y s f u n c t i o n  as  w e l l  a s  
t e s t i c u l a r  t i s s u e  a l t e r a t i o n ' .  

I ,  

1 2 2  
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> '  

The p r e s e n t  s t u d y  h a s  d e m o n s t r a t e d .  t h a t  i n h a l a t i o n  e x p o s u r e  
' t o  2 5 0  ppm DMMP f o r  13 weeks  r e s u l t s  i n  s i g n i f i c a n t  t e s t i c u l a r  ' . 

I w e i g h t  r e d u c t i o n .  Even a f t e r  l-year p o s t e x p o s u r e  t h e  tes tes  of' 
m a l e , r a t s  e x p o s e d '  t o  2 5 0  ppm DMMP c o n t i n u e d  t o  w e i g h  s u b s t a n t i a l -  
l y  less t h d n  c o n t r o l s .  A l t h o u g h  m i c r o s c o p i c  e x a m i n a t i o n  of t h e  
t i s s u e s  c o l l e c t e d  d u r i n g  t h e  s t u d y  h a s  n o t  y e t  b e g u n ,  t e s t i c u 1 a . r  
t i s s u e  c o l l e c t e d  f r o m  male r a t s  i n c l u d e d  i n  a d o m i n a n t  l e t h a l ,  
s t u d y  c o n d u c t e d  by' t h e  A i r '  F o r c e  as  a n  a d j u n c t  t.o t h ;  90-day 

' s t u d y  h a s  shown d e g e n e r a t i v e  c h a n g e  ( u n p u b l i s h e d  d a t a ) .  T h e s e  
e f f e c t ' s  we.re L i m i t e d  t o  ra t s  expo.sed  t o  2 5 0  ppm DMMP a n d  c o i n t  

e f f e c t s  also o c c u r r e d  i n  mAle mice e x p o s e d " t o  DMMP v a p o r  is* 
unknown. . , 

* ,  c i d e d  ,w . i th  a r e d u c t i o n ,  i n  r e p r o d u c t i v e  c o m p e t e n c y  W h e t h e r  these  

T h i s  s t u d y  i s  c o n t i n u i n g  w i t h  t e r m i n a l  s a c r i f i c e s  of e x p e r i -  
m e n t a l  a n i m a l s  s c h e d u l e d  f o r  m i d  1985. The  r e s u l t s  o b t a i n e d  a t  
s t u d y  t e r m i n a t i o n  a n d  h , i s t o l o g i c  e v a l u a t i o n s  w i l l  b e  p r e s e n t e d  i n  
a f u t u r e  a n n u a l  report .  

A SUBCHRONIC INHALATION TOXICITY STUDY OF 
O-E;THYGO'-(2-DIISOPROPY~IIINOETE[YL)YETHYLPHOSPHONITE (EDMP) 

. .  

The THRU h a s  b e e n  c o n d u c t i n g  a series o f  s t u d i e s  t o  c h a r - ,  
a c t e r i z e  t h e  t o x i c  h a z a r d  associated w i t h  t h e  .Army chemica1;O-  
e t h y l  -0 ' -( 2 - d i i  s o p r o p y l a m i n o e t h y l  ) m e t  h y l p h o s p h o n i  t e  ( EDMP) a l so  
known b y ,  t h e  Army' d e s i g . n a k i o n ,  . QL. T e s t ;  a l r e a d y  c o m p l e t e d  b y  
t h e  THRU i n c l u d e  s i n g l e  d o s e  oral . , '  i n t r a p e r i t o n e a l .  a n d '  d e r m a l  
t o x i c i t y ,  i r r i t a t i o n , ' o f l  s k i n  a n d  e y e  t i s s u e s , '  s e n s i t i z a t i o n ,  a p d  , 

n e u r o t o x i c i t y  (MacEwen a n d  Y e r n o t ,  198.4). B e c a u s e  of t h e  p o s s i -  
b i l i t y  o f ' E D M P  i n h a l a t i o n  e x p o s u r e  by p e r s o n n e l  d u r i , n g  m a n u f a c -  
t u r e ,  p r o c e s s i n g ,  or t r a n s p o r t a t i o n ,  s u b c h r o n i c  i n h a l a t i o n  t o x i c -  
i t y  s t u d i e s  h a v e  a l so  been  c o n d u c t e d  ( M c N s m a r a  e t  a l . ,  1981).. 

A s  p a r t  of' t h e  THRU's i n v e s t i g a t i o n  of t h e  t o x i c  e f f ec t s  of 
EDMP, a 13-week i n h a l a t i o n  s t u d y  WRS i n i t i a t e d .  T o  e s t a b l i s h  t h e  
rna,ximum t o l e r a t e d  c o n c e n t r a t i d n  f o p  t h e  13-week s u b c h r o n i c  e x p a -  
s u r . e ,  a 2-week i n h s i a t i o n  s t u d y  was a l so  c o n d u c t e d .  T h e ' r e s u f t s  

. oif t h e s e  s t u d i e s  %?e b e i n g  r e v i e w e d  a n d  w i l l  be p r e s e n t e d  i n  t h e  
n e x t  a n n u a l  r e p c r t .  

1 2 3  
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THE DETERhINATION 3F A 6-HOUR IN'HALATIOPi LCso OF 6 - E T H Y t 0 ' -  
i 

. )  
8 ,  

(DI~ISOPROPYLAYXNOETHYL)METHYLPHOS?EO~ITE (EDYP) I 
USING MALE AND FBYALE SPRAGUE-DAmEY KATS 

, I  

, .  1 .  

B e c a u s e  o f  t h e  p o s s i b i l i t y  of exposure of m i l i t a r y  a n d  c i -  
I 

v i l i a n  p e r s o n n e l  t o  EDMP d u r i n g  m a n u f a c t u r i n g ,  p r o c e s s i n g ,  or 
t r a n s p o r t a t i o n ,  t h e  Army has  a s t r o n g  i n t e r e s t  i n  c h a r a c t e r i z i n g  
i ts  a c u t e  ' t o x i c i t y .  P r e v i o u s  e x p e r i m e n t s  h a v e  b e e n  c o . n d u c t e d  t o  

. d e t e r m i n e  t h e  e f f e c , t s  o f  a c u t e  i n h a l a t i o n  e x y o s i l r e  t o  BDMP . , 
( D i m m i c k s J r .  e t - n l . ,  1 9 7 9 ) .  E x p o s u r e  t o  12,300 mg/m3 f o r  i h o u r ,  
a n d  2 , 3 5 0  mg/m3 for  '6 h o u r s  f a i l e d  t o  p r o d u c e  50% m o r t a l i t y  i n  

LD50 O F  2 0 3 . 7  mg/kg i n  mice a n d  1 6 4 . 4  - 207.5 mg/kg i n  r a b b i t s .  
T h e  i v  v a l u e s  would  c l a s s i f y  t h i s  ma te r i a l  as  t 0 x i . c  b u t  n o t  
highly t o x i c .  McNamara. e t  a l .  (1981) p e r f o r m e d  27-week s u b -  
c h r o n i c , i n h a l a t i o n  s t u d i e s  t o , 5 . 0  a n d  2 2 . 4  mg/m3. E x p e r i m e n t a l  
animals e x p o s e d  w e r e  S p r a g u e - D a w S , e y / l i ' s t a r  r a t s ,  I C R  S w i s s  a n d  
" 4 "  s t r a i n  mice, and '  H a r t l e y  g u i n e a  p i g s .  M e a s u r e m e n t s  were made 
of h e m a t o l o g i c  a n d  c l i n i c a l  c h e m i s t r y  p a r a m e t e r s ,  p u l m o n a r y  re-  
s i s t a n c e  i n  g u i n e a , p i g s ,  s p o n t a n e o u s  a c t i v i t y  i n  rat 's ,  a n d  o r g a n  
p a t h o l o g y .  , 

i / I ,  

' ' r a t s  or gui 'nea  p i g s .  ' I n t r a v e n o u s ,  ( i v )  a d m i n i s t r a t i o n $  y i e l d e d  atn I 8  .,I 

I S  

I 

! .  

' A d d i t i o n a l l y  s p e c i f , i c  tests were run t o  d . e t e r m i n e  s e n s i t i z a -  
t i o n  p o t e n t i a l ,  d o m i n a n t  l e t h a l  m u t a t i o n  c a p a b i l i t y ,  t e r a t o g e n i c -  ' , 

i t y ,  f e t a l  t o x i c i t y ,  a n d  e f f e c t  on r e p r o d u c t i o n .  I n  a m u l t i -  
g e n e r a t i o n  s t u d y ,  3 g e n e r a t i o n s  o f  rats were e x a m i n e d  a f t e r  a 
10-week e x p o s u r e  of t h e  p r o g e n i t o r s .  
was d e p r e s s i o n  o f  r e d  blood c e l l  
e x p o s u r e  to b o t h  c o n c e n t r a t i o n s  i n  r a t s  ar.d i n  mice e x p o s e d  t o  I 

t h e  h i g h e r  1,eve.l.  

The  o n l y  p o s i t i v e  f i n d i n g  
, !  

c h o l i n e s , t e r a s e  a f t e r  2 7  w e e k s  oft ' .  

The u n s t a b l e  c h a r a ' c t e r  of ,EDMP was d e m o n s t r a t e d  i n  . t he  s u b -  
c h r o n i c  i n h a l a t i o n  s t u d i e s  1 n w h i c h  a n a l y z e d  c o n c e n t r a t i o n s  ' .,, 

' ' r a n g e d  f r o m  13-41% o f  n o m i n a l .  

Six--b',Jr i n h a l a t i o n  s t u d i e s  w e r e ' p e r f o r m e d  i n  t h i s  laborato-  
r y  u s i n g  C D F * ( F i s c h e r  344)/CrlBp male a n d  f ' e m a l e  r a t s  a n d  h y b r i d  
B G C 3 F l / C r ' l B R  male a n d  f e m a l e  !nic,e (MacEwen a n d  V e r n o t ,  198#4) .,, 
???e 6-hour ~ C S O  v a l u e s  a n d  95% c o n ' f i ' d e n c e  l i m i t s  f o r  m l e  a n d  . 

' female r a t s  a r e . 2 5 2 0  ( 2 1 3 0 - 3 2 8 0 )  a n d  209 ( .142-339)  mg/m3, re- 
s p e c t i v e l y .  The v a l u e s ' f o r  male a n d  f e m a l e  mice a r e ' 3 5 0 0  (3040- 
3 4 8 0 )  a n d  2 3 6 0  ( 2 1 8 0 - 2 5 7 0 )  m g / m 3 ,  r e s p e c t i v e l y .  ' F e m a l e  rat 's were 
f o u n d  t o  b e  much more s u s c e p t i b l e  t o  t h e  t o x i " ,  e f f e c t s  of t h i s  
cornppund t h a n  m a 3 6  r a t s  or e i the r .  sex of mice. This would  i n -  
d i c a t e  t h a t  t h e  ,jjMP is  more t o x i c  t h a n  w a s  f o u n d  i n  t h e  p r e v i o u s  
i n h a l a t i o n  tests. 

, 

. I  
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Th'e u n u s u a l  d i s p a r i t y  i n  t h e  ' t o x i c  r e s p o n s e  'of t h e  female 
F i s c h e r  344 rats was n o t  n o t e d  i n  p r e v i o u s  s t u d i e s  u s i n g  S p r a g u e -  
D a w l e y  r a t s .  To d e t e r m i n e  i f ' t h e  f e m a l e  F i s c h e r  344 f e m a , l e . r a t  
r eac ts  d i f f e r e n t l y  f r o m  f e m a l e s  o f  o t h e r  r a t  s t r a i n s ,  t h 6  6 - h o u r  
i n h a l a t i o n  e x p o s u r e s  were r e p e a t e d  u s i n g  male a n d  female Sprague-  
D a w l e y  r a t s .  , 

T h e  EDMP was s u p p l i e d  by t h e  U. S.  Army C h e m i c a l  S y s t e m s  
L a b o r a t o r y  a n d  was t h e  same as  was u s e d  i n  t h e .  p r e v i o u s '  s t u d i e s .  

G r o u p s  c o n s i s t i n g  o f  10 male a n d  IO female, Sprague-Dawley  
' r 'ats  a g e d  9. 'to 11 weeks  aie're u s e d "  f o r '  t h e  d e t e r m i n a t i o n  of t h e  
6 - h o u r . L C s o .  C o n t r o l  g r o u p s  were m a i n t a i n e d  f o r  c o m p a r a t i v e  . , 

p u r p b s e , s .  I 

I 

The  compound w a s  , a e r o s o l i z e d  i n , t o  a 1 m 3  'Roche'ster chamber. 
A S o l o - S p h e r e @  a n d / o r  C o l l i s i o n  N e b u l i z e r  were u s e d  f o r  t h e  ngen- 
e r a t i o n  o f  t h e  aerosol. 
par t ic le  s i z e  a n a l y s i s .  

A n d e r s e n  i m p a c t o r  s a m p l e s  were t a k e n  for , 

Nominal  . c o n c e n t r a t i o n s  were o b t a i n e d  b y  material  b a l a n c e  
c a l c u l a t i o n  t o  cor re la te  w i t h  methods f o r  c o n t i n u o u s  chemica l  
a n a l y s i s  by a n  i n f r a r e d  a n a l y z e r .  A g a s  c h r o m a i t o g r a p h i c  a n a l y s i s  
was r u n  o n c e l h o u r  t o  d e t e r m i n e  r e l a t i v e  c o n c e n t r a t i o n  o f  EDMP a n d  
i t s  , d e c o m p o s i t i o n  p r ' d d u c t s .  

1. + 

I 

1 ,  

) I  . 
T e n  r a t s '  were e x p o s e d  a t  e a c h  c o n c e n t r a t i o n  l e v e l ,  a n d  t h e  

LCso w i t h  i t s  95% c o n f i d e n c e  l i m i t s  c a l c u l a t e d  using' t h e  p r o b i t  ' 
method of F i n n e y  (1971). D e a t h s  w h i c h  o c c u r r e d  ( d u r i n g  t h e  i 4 - d a y  

' o b s e r v a t i o n  p e r i o d  were i n c l u d e d  i n  t h e  f i n a 1 , m o r t a l i t y  t a l ' l y .  

The  rats were o b s e r v e d '  f r e q u e n t l y  d u r i n g  t h e  e x p o s u r e  and ' ,  
twice d a i l y  d u r i n g  t h e  14-day  h o l d i n g  c e r i ' o d .  V i s i b l e  s i g n s  of ' , , I ' 
t o x i c i t y  were recorded. '  Body w e i g h t s  of a l l  a n i m a l s  w e k e '  
o b t a i n e d ,  p r io r  t o  e x p o s u r e  a n d  a t  l,, 2, 4 ,  7, a n d  1 4 ' d a y s  , 
p o s t  e x p o s u r e .  - .  

Any r a t ' t h a t  d i e d  d u r i n g  e x p o s u r e  or d u r i n g  t h e  14-day  ' 

o b s e r v a t i o n  p e r i o d  r e c e i v e d  g r o s s  e x a m i n a t i o n .  The s u r v i v i n g  
. a n i m a l s  were o b s e r v e d  for 1 4  d a y s  o r " u n t i l '  signs of r e v e r s i b l e  

t o x i c i t y  s u b s i d e d  a t  whic,h t i m e  t h e y  were sacr i f iced  for  g r o k s  
e x a m i n a t i o n .  

' 1  

An a d d i t i o n a l  g r o u p  of i0 male a n d  10 female Spr 'ague-Dawlcy 
a n d  F i s c h c r  344 r a t s  were e x p o s e d  for 6 h o u r s  t o  500 mg/rn3 EDMP 
for d e t e r m i n a t i o n  of c h o l i n e s t e r a s e  a c t i v i t y .  The a c t i v i t y  
( E l l m a n ,  1961) w a s  m e a s u r e d  i n  b o t h  s e r u m  a n d  red c e l l s .  

1 2 5  



' 
The m o r t a l i t y  d a t a  shown i n  T&.ble 56 show t h e  resu2ts o f  

both male a n d  f e m a l e  r a t  e x p o s u r e s .  As w a s  s e e n  , i n  t h e  p r e v i o u s  
s t u d y  u s i n g  F i s c h e r  314 r a t s ,  t h e  t o x i c i t y  of t h e  compound ag- ' 

pears to b e  b i p h a s i c  i n  n a t u r e .  Also,  a s e x - r e l a t e d  t o x i c i t y  
d i f f e r e n c e  was a p p a r e n t  i n  t h e  Sprague-Dawley r a t  a s  i t  was i n -  
the F i s c h e r  344 r a t .  
a n d  f e m q l e  F i s c h e r  344 r a t s  was o f  a f a c t o r  o f  10 w h i l e  t h e  
d i f f e r e n c e  i n  t h e  LCso' of male and  female .SpSagke-Dawley  r a t s  i s  
a f a c t o r  o f  4. 

' T h e  d i f f e r e n c e  b e t e w e e n  LCso of t h e  male 

I' 4 

TABLB 56 ,  MORTALITY 'AFT,ER 6-HOUR INBP,SA'iiON EXPOSURES ' 
I I 8 ,  

OF MALE A N D  FEMALE SPRAGUE-DAWLEY RATS TO EDMP 

M o r t a l i t y  Raqio 
C o n c e n t r a t i o n ,  mg/m3 I Males Females 

3617 
2955 
2399 
2026 
1715 

1093 
733 
503 
342 
I18 
72 

, i534 

1Q/lO 

1/10 
2/10 
o/ 1.0 

I 2/10 
, 3/10 
3/10 

o 0110 
I 2/10 

8/10 
5/10 1 ,  

6/10 

' Female  rat  LCso a n d  95% C.L. = 844 (535-1220) m g / m 3  
Male rat LCio And 95% C.L. =: 2971 r n g / ~ n ~ ~ '  

I .  

a D u e ' t o  t h e  w i d e  s p r e a d  i n  m o r t a l i t y  e f f e c t s ,  a c o n f i d e n c e  l i m i t  
B c o u l d  n o t  b e  c a l c u l a t e d .  t ,  

A g r o u p  c o n s i s t i n g  nf 10 male and  10 f e m a l e  Sprague-Dawley 
a n d  10 'male a n d  10 f e n a l e  F i s c h e r  344 ra ts  were e x p o s e d  for 6 
h o u r s  to a mean concentrat ion of 512 m g / m 3  FDMP. One f e m a l e  
Spraguc-Dawley,  1 male F i s c h e r  344 a n d  a l l  10 female F i s c h e r  344 , 

rat s  d i e d  following e x p o s u r e .  

F o r t y - e i g h t  h o u r s  a f t e r  e x p o s u r e ,  b l o o d  was sampled  from 5 
i a t s  f r o m  each of the s u r v i v i n g  g r o u p s  for,deterr;:riat:.on ol" Ciiv- 
l i n e s t e r a s e  a c t i v i t y .  TF? a c t i v i t y  was measu red  i n  b o t h  p l a sma  
a n d  red c e l l s  w i t h  t h e  - 3 s u l t s  shown i n  T a b l e  57. C h o l i m e s t e r s s e  
was s e v e r e l y  i n h i b i t e d  at 48 h o u r s .  

I 

I 
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'. .-; .. TABLE 57.  EFFECT' OF G-HOUR INHALATION E X P O S U R E  TO - .  
- .  - .  .. 

512 M G / M 3  EDMP ON C,HOLINESTERASE RATS (N=5) 

P e r c e n t  o'f P r e t r e a t m e n t  . .:.' 
C h o l i n e s t e r a s e  A c t i v i  t y "  ' 

S t r a i n  . 7 Sex P1 a sma E r y t h r o c y t e  
*. I 
- .  
;. 1 6.8 ,+ 1.6 '. , ' ~ p r a g ~ e - D a w l e y  ?.f 28.7 k 2.'5 , 

, '  
1 S p r a g u e  - D a w 1  e y  F 1 36.2 f 4.8 * 6.3 i 1.7 - \  

d F i s c h e r  344 M 135.1 f 2.3 5.9 f 0.4 

.. 
, - 1  

- ;  - .  
I .  a ,Mean f SE;  48,  h o u r s  R o , s t , e x g o s u r e :  ' , 

1. '. . .  
. -  
, -  +- This s t u d y  a n d  + t h e  p r e v i , o u s  6 - h o u r  LCso i n h a l a t i o n  s t u d y  o n  

Repeat 6 - h o u r  e x p o s u r e s  were 
s: , ' F i s c h e r  344 r a t s  h a d  i n d i c a t e d  t h e  p o s s i ' b i l i t y  of a b i p h a s i c  

c o n c e n t r a t i o n  e f f e c t  c n  m o r t a l i t y .  

t i o n s  t o  d e t e r m i n e  i f  t h e  b i p h a s i c  e f f e c t  was r e p r o d u c i b l e .  

c o n c e n t r a t i o n s  of 2400, '2000, 1600, 1200, 800, or 400 mg/m3. A 
summary o f . t h e  r e s u l t s  is shown i n  T a b l e  58. 

d o n e  u s i n g  o n l y  F i s c h e r  344 nale  r a t s  a t  p r e s e l e c t e d  c o n c e n t r a -  . .  

G r o u p s  of 10 m a l e  F i s c h e r  344 r a t s  e a c h  were e x p o s e d  t o  n o m i n a l  .. . '  
I 

* 

. . '  
I '  

, .  
I 

TABLE 58. EFFECT OF. 6-HOUR INHALATION EXPOSURES TO EDMP ON 
. MALE FISCHER 344 RATS ( N = 1 0 )  w 

k 
I 

Nominal  Conc.,  A n a l y z e d  C o n c . ,  , M o r t a l i t y  
mg/m3 m ~ / m 3  . Rat io  ' . *  rn 

, I  

2400 2480 10 /10  
2000 1937 10/10 

1618 10 /10  
2175 , 10/10 ' 

I 400 397 ' 10/10 

. 1600 
1200 
830 800 19/10 , 

. A l l  e x p o s u r e s  r e s u l t e d  i n  100% m o r t a l i t y .  A n a l y s i s  of t h i s  
I ,  sample of EDMP h a s  shown t h a t  t h e  p r o p o r t i o n s  o f  O - ( d i i s o p r o p y l -  

a m i n a e t h y 1 ) m e t h y l  p h o s p h i n a t e  a n d  O - e t h y l ,  0 ' - d i i s o p r o p y l a r n i n o -  
e t h y 1 ) m e t h y l  p h o s p h o n a t e  a re  much h i g h e r  t h a n  w h a t  was f o u n d  i n  
t h e  s a m p l e  u s e d  f o r  t h e  e a r l i e r  L C s o  t es t s .  The  l a t e s t  e x p o s u r e s  

s p o n s e s  w a s  p r o b a b l y  a r e f l e c t i o n  of t h e  i m p r e c i s i o n  of t h e  LCso 
d e t e r m i n a t i o n s  c a u s e d  by d i f f e r e n c e s  i n  t o x i c i t y  of EDMP aerosols 
of d i f f e r e n t  c o m p o s i t A o n .  The  r e s u l t s  a l so  I m p l y  t h a t  t h e  LCso 
o l t a i n e q  for female rats ( 2 0 9 ,  95% c o n f i d e n c e  l i m i t s  = 142-339) 

' h a v e  shown t h a t  t h s  b i p h a s i c  n a t u r e  of p r e v i o u s  m o r t a l i t y  re- 

r 
i 

' i  
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is  a b e t t e r  m e a s u r e  of t h e  a c u t e  t o x i c i t y  of EDMP t o  ra t s  t h a n  

l i m i t s  = 2130-3280). 
I , t h e  p r e v i o g s  v a l u e  o b t a i n e d  for male r a t s  (2520 ,  95% c o n f i d e n c e  

' I  

THE ACUTE TOXICITY TESTING OF FOUR COMPOUNDS 
ASSOCIATED WITH LlANWPACTUEE 08 EDMP 

I 

. B e c a u s e  of t h e  p o s s i b i l i t y  o f  e x p o s u r e  of m i l i t a r y  an'd c i -  
v i l i a n  p e r s o n n e l  t o  EDMP m a n u f a c t u r i n g  b y p r o d u c t , s ,  t h e  Army h a s  a 
s t r o n g  i n t e r e s t  i n  ' c h a r a c t e r i z i n $  t h e  a c u t e , t o x i c i t y  of some of 

I I .  ' t h e ' p r e c u r s o r s , ,  i n t e r m e d i a t e s ,  a n d  b y p r o d u c t s  a s s o c i a t e d  w i t h  ' 

Three of t h e  materials p r o i o s e d  for' t e s t i n g  a r e  
also decomposition p r o d u c t s  of EDMP. The  u n s t a b l e  cha rac t e r  of 
EOhP h a s  b e e n  p r e v i o u s l y  d e m o n s t r a t e d ,  a n d  t h e  b r e a k d o w n  p r o d u c t s  
are t h 4 0 u g h t  t o  d i r e c t l y  ' a f f e c t  tQe a c u t e  t o x i c i t y  a t t r i b u t e d  t d  
EDMP. 

i 

' EDMP , p r o d u c t i o n .  
' I  

, I 

T h i s  s t y d y ,  c u r r e n t l y  i n  p r o g r e s s ,  is d e s i g n e d  t o ' cha rac t e r -  
' ize t h e  t o . x i c ,  e f f e c t s  of a c u t e  e x p o s u r e  of r a t s ,  mice, a n d  rab- 
b i t s  t o  4 compounds  associated w i t h  EDMP. Th'e cornpdunds are  1 

b e i n g  t e s t e d  i n  t h e  sane 'manner as w a s  u s e d  fo r  t h e  a c u t e  t o x i c -  
i t y  t e s t i n g # o f  EDMP. T h e  data  o b t a i n e d  f rom these e x p e r i m e n t s  
s h o u l d  p e r m i t  o b j e c t j v e  a s s i g n m e n t ,  of s 'ound o c c u p a t i o n a l  e x p o s u r e  
L i m i t s  f o r  p e r s o n n e l  w o r k i n g '  w i t h  thes'e compounds .  T h e  compounds 
s e l e c t e d  f q r  t e s t i p g  a r e  l i s t e d  below w i t h  U .  S. Army d e s i g n a -  
t i o n s  ,in p a r e n t h e s e s :  

, 

. I  
I 

I. D i i s o p r o p y l a r n i n o e t h a n o l  (KB) 
2. O,O'-Dietiiylmei;hylphosphonite (TR) 
3. Bis ( d i i s o p r o p y l a r n i n o e t h y l ) m e t h y l p h o s p , h o n i t e  ( L T )  
4.' T r i e t h y . 1 p h o s p h i t e  ( T E P )  

Cornpoun,ds 1"and  3 were p r o v i d e d  by t h e  U. S. Army w h i l e  . 

1 

,.,, 
i ' compound 4 was p u r c h a s e d  by UCI. 
' diethylmethylphosphonite) h a s  n o t  b e e n .  r e c e i v e d  f,rom t h e  Army t o  

T h e ,  s e c o n d  cornpound"(0,O'-  

d a t e .  

I O  
I Methods 

Oral T o x i c i t y  

the suspensions k e p t  i n  a t u r b u l e n t  s t a t e  w h i l e  i n  u s e  w i t h  a 
A l l  compounds were d i s s o l v e d  or  s u s p e n d e d  i n  c o r n  o i l  a n d  

' m a g n e t i c  s t i r r i n g  p l a t f o r m .  

G l a s s  s y r i n g e s  w i t h  o r a l  d o s i n g  n e e d l e s  were u s e d  t o  admin-  
ister t h e  compounds  t o  t h e  ra t s  a n d  mice t h a t  h a d  ' b e e n  f a s t e d  f o r  
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1 1 1  , .  
I !  

i 

a t  l eas t  16 h o u r s  p r i o r  t o  a d m i n i s t r a t i o n  o f  t h e  o r a l  dose. The  , 
d o s e  v o l u m e  for t h e  t e s t  a n i m a l s  was 0.01 mL/gm b o d y  w e i g h t ,  a n d  
t h e  a n i m a l s  were w e i g h e d  i n d i v i d u a l l y  a t  t h e  time o f  d o s i n g . '  
O r i g i n a l l y ,  mare a n d  f e m a l e  Sprague-Dawley  r a t s  a n d  male a n d  
female CD-1 mice were u s e d .  However ,  f o l l o w i n g  t h e  pe 'roral  tes t -  
i n g  o f  diisopropylaminoethanol, t h e  r a t  s t r a i n  was c h a n g e d  t o  
F i s c h e r  344. G e o m e t r i c a l l y  s p a c e d  doses  were a d m i n i s t e r e d  t o  
d e t e r m i n e  t h e  L D s o  i n  t e n  a n i m a l s  o f  each s e x  a t  each l e v e l .  T h e  
LDso  v a l u e s  w i t h  951 c o n f i d e n c e  l i h i t s  weqe c a l c u l a t e d  u s i n g  t h e  

, 

p r o b i t  method o f  F i n n e y  (197 1). ' I ,  

I ,  I ,  
t ' I  

, I  

Skin  Irritation 

A p a t c h - t e s t  method was u t i l i z e d  t o  d e t e r m i n e  t h e  d e g r e e  of 
p r i m a r y  s k , i n  i r r i t a t i o n  on t h e  i ' n t a q t  s k i n  of 6 a l b i n o  r a b b i t ' s .  

' T h e  r a b b i t s  w e r e ' c l i p p e d  'of a l l  p o s s i b l e  h a i r  on  t h e  b a c k  lind 
* f l a n k s  24 h o u r s  ' p r i o ' r  ' to  e x p o s u r e  t o  a l low f o r  r e c o v e r y  f r o m  a n y  
a b r a s i o n .  U n d i l u t e d  t es t  materials were a p p l i e d  i n  t h e  a m o u n t  of 

I 

g a Q z e ,  h e l d  in p l a c e  w i t h  s t r i p s  of s u r g i c a l  a d h e s i v e  t ape .  T h e  
e n t i r e  area,was c o v e r e d  w i t h  p o l y e t h y l e n e  p l a s t i c  y r a p  a n d  Se-  
c u r e d  w i t h  more s u r g i c a l  a d h e s i v e  tape.  T h e , p a t c h  r e m a i n e d  i n  
place o n ' t h e  r a b b i t s  f o r  4 h o u r s ,  a f t e r  w h i c h ,  t h e  w r a p  a n d  p a t c h '  
were c a r e f u l l y  removed,  a n d  t h e  't 'est area e v a l u a t e d  f o r  i r r i t a -  I 

t i o n  u s i n g  t , h e  D r a i z e  (1959) t a b l e  a s  a r e f e r e , n c e  s t a n d a r d .  
R e a d i n g s  were a l s o  made a t  7 2  h o u r s  a f t e r  t r e a t m e n t .  
i n d e x  , r a t i n g  was ca lcu la ted  u s i n g  t h e  f o l l o w i p g  formula: 

, 0.5 :rnL t o  t h e  . d e s i g n a t e d  p a t c h  area a n d  c o v e r e d  by s u r g i c a l  

A p r i m a r y  

I 

' !  

T o t a l  Score .. P r i m a r y  I n d e x  %ore = 
I N o .  R a b b i t s  x No. S i t e s  x No, O b s e r v a t i o n s  , 

' . ,  
. I  

I 

' 

T e s t  R a t i n g s  ( ,Campbel l  et, a l . ,  1975).  
The p r i m a r y  in 'dex  score was i n t e r p r e t e d  u s i n g  t h e  NIOSH S k i n  

8 I .  Eye Irritation ' 

' One t e n t h  m i l l i l i t e r  of t h e  t e s t  compound was a p p l i e d  t o  one 
e y e  of each of 9 a l b i n o  r a b b i t s .  The  o p p o s i t e  e y e  was u n t r e a t e d  
a n d  s e r v e d  a s  a c o n t r o l .  T h e  e y e s  were e x a m i c e d  w i t h  f l u o r e s c e i n  
s t a i n  p r io r  t o  u s e  t o  e n s u r e  a b s e n c e  of l e s i o n s  or i n j u r y  a n d  a 
top ica l  a n e s t h e t i c  ( A l c a i n e ;  P r o p a r a c a i n e  !IC1 0.5%) was i n s t i l l e d  
i n  t h e  e y e s ,  t r e a t e d  a n d  c o n t r o l ,  of a l l  rrr5bit.s a p p r o x i m a t e l y  2 
m i n u t e s  p r i o r  t o  a p p l i c a t i o n  of t h e  t e s t  s u b s t a n c e .  T h e  t r e a t e d  
e y e  of 6 r a b b i t s  r e m a i n e d  unwashed  w h i l e  t h e  o t h e r  3 r a b b i t s  h a d  

129 , 

I 



t h e  t rea ted  e y e  f l u s h e d  f o r  one m i n u t e  w i t h  l u k e w a r m  water s t a r t -  
i n g  n o  s o o n e r  t h a n  20-30 s e c o n d s  a f t e r  i n s t i l l a t i o n .  Exarnina- 
t i o n s  for gross s i g n s  of e y e  i r r i t a t i o n  were made 1; 2 ,  3 ,  4 ,  a n d  
7 d a y s  f o l l o w i n g  a p p l i c a t i o n .  I f  a n  i n j u r y , o c c u r r e d ,  t h e  a n i m a l s  
were scored three t i m e s  a week u n t i l  t h e  l e s i o n  s u b s i d e d  o r  was 
deemed i r r e v e r s i b l e .  The i r r i t a t i v e  e f f e c t s  were scored accord-  
i n g  t o  t h e  m e t h o d  o f  D r a i z e  (1959) .  

I ?  

Dermal T o x i c j  ty 

1 ,  ,' Male a n d  f e m a l e  a l b , i n o  N e w  ; Z e a l a n d  ra ,bbi ts  p r e i g h i n g  b e t w e e n  
2 a n d  3 k i l o g r a m s  were u s e d .  The b t t c k ' o f  t h e  r a b b i t s  a n d  t h e  

o s1de.s down t o  a b o u t  h a l f w d y  t o  t h e  abdomen were c l i p p e d  f r c m  the 
s q d d l e  area of t h e  s h o u l d , e r s  t o  t h e  t o p  of the rear l e g  a r ea .  

' 
' T h e  t l n i A a l s  were i n d i v i d u a l l y  w e i g h e d  p r i o f  t o ' d o s i n g  t o  

d e t e r m i n e  t h e  p r o p e - r  d o s e  v o l t m e  w h i c h  was a p p l i e d  u n d i l u t e d  t o  
t h e  b a c k  of t h e  r a b b i t  a n d  d i v i d e d  as e q u a l l y  as p o s s i b l e  b e t w e e n  
t h e  t . w o ' s i d e s .  The' d o s e  was k e p t  i n  p l a c e  by a p p l y i n g  8 p l y  ' 
g a u z e  patches o v e r  t h e  l i q u , + d  o n  each s i d e  of t h e  b a c k .  
of c lear  p l a s t i c  wrap was t h e n  a p p l i e d  o v e r  t h e  e n t i r e  c l i p p e d  
b a c k  area a n d  e l a s t o p l a s t  t a p e  was u s e d  t o  wrap t h e , e n t i r e  
m i d s e c t i o n  o f ' t h e  r a b b i t .  S p e c i a l l y  d e s i g n e d  r a b b i t  r e s t r a i n i n g  
h a r n e s s e s  were f i t t e d  t o  each r a b b i t  a t  t h e  t i m e  of d o s i n g  a n d  
k e p t  i n  p lace d u r i n g  t h e  ' e n t i r e  d o s i n g  ' p e r i o d .  These h a r n e s s e s  , 

p S e v e n t  e x c e s s , i v e  movement of t h e  r a b b i t s  . a n d  p r e v e n t  t h e  r a b b i t  
from c h e w i n g ' o n  t h e  . t aped  area. T h e  h a r n e ' s s e s  d o ,  however, a l low 
t h e  r a b b i t  .access t o  f o o d  a n d  water d u r i n ' g  t h e  d o s i n g  p e r i o d .  

A pa tch  

I .  

A l l  doses  were k e p t  i n  c o n t a c t  w i t h  t h e  r a b b i t " s  s k i n  f o r  2 4  
T h e  r a b b i t s  were o b s e r v e d  f o r  m o r t a l i t y  or o t h e r  s i g n s  of h o u r s .  

t o x i c i t y  d u r i n g  t h e '  1 4  d a y s  i m m e d i a t e l y  ~ f q l l o w i n g  e x p o s u r e .  Any 
d e a t h s  t h a t  o c c u r r e d  i n  t h i s  p e r i o d  were i n c l u d e d  i n  t h e  f i n a l  
' t a l l y  . 

T h e  a n i m a l s  were o b s e r v e d  f r e Q u e n t i y  o n  t h e )  da.y of d o s i n g  
. a n d  twice d a i l y  t h e r e a f t e r  a n d  a l l  symptoms Yeit: r e c o r c e d .  BGdy 

w e i g h t s  were obta i .n led  a t  t h e  t i m e  of d o s i n g ' a n d  > o n  d a y s  1, 2 ,  4 , -  
7, 20, a n d  1 4  pos t t rea tment .  

Testing w a s  i n i t i a t e d  b y  d o s i n g  5 a n i A a l s ' o f  each s e x  w i t h  2 
mL of t e s t .  m a t e r i a l / k g  of body w e i g h t .  ' , I f  ' t h e r e  was no apprec i -  
a b l e  m o r t a l i t y , a t  t h i s  l e v e l ,  t h e n  n o  a d d i t i o n a l  dose l e v e l s  were 
a d m i n i s t e r e d . ,  I f  m o r t a l i t y  was p r o d u c e d ,  '.r.en t e s t i n g  c o n t i n u e d  
w i t h  5 a n i m a l s  of each sex p e r  dose l e v e l .  LDso c a l c u l a t i o n s  
were macle u s i n g  t h e  p r o b i t  method of F i n n e y  (1971) .  
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I n h a l a t i o n  #'* 

G r o u p s  c o n s i s t i n g  of 10 male a n d  1 0  
a n d  10 male a n d  10  female CD-1 mice, a l l  
u s e d  f o r  t h e  d e t e r m i n a t i o n  of t h e  6-hour 
were m a i n t a i n e d  f o r  c o m p a r a t i v e  ' p u r p o s e s .  

, 

f e m a l e  F i s c h e r  344 r a t s  
a g e d  9 t o  11 weeks ,  were 
LCso. C o n t r o l  g r o u p s  

T h e  compounds were a e r o s o l i z e d  i n t o  a 1 m3 Rochester c h a m b e r  
u s i n g  A S o l o - S p h e r e *  N e b u l i z e r  for g e n e r a t i o n  of t h e  aero'sol.  
An-ersen i m p a c t o r  s a m p l e s  were t a k e n  f o r  p a r t i c l e  s i z e  ana1yFi . s .  
Nominal '  c o n c e n t r a t i o n s .  were o b t a i n e d  b y  material b a l a n c e  c a l c u l a -  
t i o n  to,  co'rrelate' l w f t h  methods * f o r  c o n , t , i n u o u s  .chemical a n a l y s i s .  
A ' g a s  , c h r o m a t o g r r i p h i c  a n a l y s i s  was r u n  o n c e  Ber h o u r  t o  d e t e r m i n ' e  
r e l a t i v e  c o n c e n t r a t i o n  o f  t h e  tes t  compound a n d  i t s  d e c o m p o s i t i o n  
p r o d u c t s .  ! 

I '  

T en  a n i m a l s  or, e a c h  s p e c i e s  were e x p o s e d  'at each c o n c e n t r a -  
t i o n  l e v e l ,  a n d  t h e . ' L C s o  w i t h  i t s  95% c o n f i d e n c e  , l i m i t s  c a l c u -  
l a t e d  using t h e  p r o b i t  method of F i n n e y  (19,71). 
o b s e r v e d  f r e q u e n t , l y  d u r i n g  t h e  e x p o s u r e  a n d  tw ice  d a i l y  d u r i n g  
t h e . 1 4 - d a y  h o l d i n g  p e r i o d .  V J s i b l e  s i g n s  o f  t o x i c i t y  were re- 
corded a n d  a l , l  a n i m a l s ' w e r e  w e i g h e d  p r i o r  t o  e x p o s u r e  a s  w e l l  a s  , 
a t  1, 2 ,  4 ,  7, a n d  14 d a y s  p o s t e x p o s u r e . '  

The a n i m a l s '  were 

% .  

Any a n i m a l  t h a t  d i e d  d u r i n g  e x p o s u r e  or t h e  14-day  o b s e r v a -  
t i o n  p e r i o d  r e c e i v e d  gross e x a m i n a t i o n .  
were o b s e r v e d  for 1 4  d a y s  o r  u n t i l  s i g n s  of r e v e r s i b l e  t o x i c i t y  
s u b s i d e d ,  A t  w h i c h  t i m e  t h e y  were s a c r i f i c e d  a n d  g r o s s  e x a m i n a -  

T h e  s u r v i v i n g  a n i , m a l s  

t i o n  of l u n g ,  l i v e r ,  k i d n e y ,  h e a r t ,  stomach, shall a n d  l a r g e  
i n t e s t i n e ,  sp l een ,  a n d  ' b r a i n  per fo ' rmed on each a n i m a l .  I f  s i g n s  
of n e u r o t o x i c i t y  ( a t a x i a ,  p a r a l y s i s )  were o b s e r v e d ,  sect ions o f  
s p i n a l  cord and sc i a t i c  n e r v e  were sampled f o r  h i s t o l o g i c  
e x  ami n a  t i o n  . , 

1 ,  

RESULTS 
1 

Oral T o x i c i t y  
1. 

Diisopropylardinoethanol 

Ten male a n d  10 female Sprague-Dawley  rats a n d  10 male ,and 
1'0 female CD-1 mice r e c e i v e d  o r a l  d o s e s  o f  d i i s o p r o p y l a m i n o -  
e + ' . c n o l  i n  c o r n  o i l .  C o n c e n t r a t i o n s ,  m o r t a l i t y  r a t i o s ,  a n d  
'LDso v a l u e s  a re '  shown in T a b l e s  59 a n d  60 f o r  m i c e  a n d  rats, 
r e s p e c t i v e l y .  ! 
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TABLE 59. ACUTE ORAL T O X I C I T Y  OF DIISOPROPYLAMINOETHANOL 
I N  MALE A N D  FEMALE CD-1 MICE 

C o n c e n t r a t i o n ,  g/ k_g 

2.00 ' 
1.00 . 

0.50 , 
0 . 2 5  . ' , 

Morta l i ty  Ratios 
Males F e m a l e s  . 

9/10 9/  10 
6/  10 2 / 1 0  

o /  10 0/10 
4 /  10 3/10 

. .  

. .  il 
1 

, ,  Lo50 8 & f 9 5 % i C . L . )  g/kg 0.77(0.852-1 .14) 1 .,,08( 0.7+.1 8 6 )  ', 

TABLE 60. ACUTE ORAL TOXICITYt OF DIISOPROPYLAMINOETHANOL 
I IN.MALE AND'FEMALE SPRAGUE-DAWLEY RATS 

' I  

M o r t a l i t y  Ratios 
I .  C o n c e n t r a t i o n ,  g/ kg Males F e m a l e s  

2.00 10/10 ' 10/;0 " 

1.50 ' 9/10 --- 
0.75 3/10 ---. 

1.00' 5/10 6/10  I 

0.50 0110' 1 / 1 0  
I 

LDSO & (95% C.L.) g/kg = .O .96 (0 .81-1  .I4) 0.86(0 .64-1 .17)  

1 ,  

P e r n r a l  doses of d i i s o p r o p y l a m i n b e t h a n o l  a r o d u c e d  tremors 
a n d  c o n v u l s j . 3 h s  i n  b o t h  r a t s  a n d  mice p r io r  . t o  d e a t h .  
n o r m a l l y  o c c u r r e d  w i t h i n  2 4  h o u r s . ,  S u r v i v o r s  h a d  p o r p h y r i n  
e x u d a t e  a r o u n d  e y e s  a n d  n o , s e s  fgr s e v e r a l  ) d a y s  f o l l o w i n g  t h e  
p e r o r a l  d o s e .  N o r m a l  w e i g h t  g a i ' n s ' w e r e  e v i d e n t  t h r o u g h o u t  t h e  

D e a t h s  

,14-day o b s e r v a t , i o n  p e r i o d  i n  a l l  s u r v i v i n g  a n i m a l s .  

TriethTlphosphite 

Ten male a n d  10  female F i s c h e r  344 r a t s  a n d  10 male a n d  l b  
female CD-1 mice r e c e i v e d  o r a l  d o s e s  of t r i e t h y l p h o s p h i t e  i n  c c r n  

, o i l . .  C o n c e n t r a t i o n s ,  m o r t a l i t y  r a t i o s ,  a n d  LDso v a l u e s  a r e  showl ;  
i n  T a b l e s  61 a n d  62 for  mice a n d  r a t s ,  r e s p e c t i v e l y .  

3 
' !  

I P e r o r a l  d o s e s  o f  t r i e t h y l p h o s p h i t e  p r o d u c e d  - . = p i d  , b r e a t h i n g  
a n d  tremors i n  t h e  an imals  p r i o r  t o  d e a t h .  Most d e a t h s  o c c u r r e d  
w i t h i n  2 4  h o u r s  of d o s i n g .  
w e i g h t  g a i n s  d u r i n g  t h e  s u b s e q u e n t  1 4 - d a y  o b s e r v a t i o n  p e r i o d .  

S u r v i v i g g  rats a n d  mice showed normal 
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TABLE 61. ACUTE ORAL TOXXCITY OF TRIETH,YLPHOSPHITE 
IN MALE A N D  FEMALE CD-1 MICE 

M o r t a l i t y  R a t i o s  4 

C o n c e n t r a t i o n ,  R /  kg Kales Females 

! 5 . 0  9/10 1 0 / 1 0  
4 .5  --- 7 /10  
4.0 6 / 1 0  5/19 . ' 

3.5 --- 6 / 1 0  
3 .o 2/10 ,, ' 0/10 
2 . 0  , 0 / 1 0 .  , 0/10 

I .I , G ' I  
I 4  I .  ' 

1 ,  I .  

3 .7  ( 3 I2-4. S>l  3.8( 3.5-4.1)  
. I  

L D s o  & (95% C.L.) g / k g  = 

' TABLE 62. ACUTE ORAL TOXICITY OF T R ~ E T H Y L P H O S P H H I T E  
I N  MALE A N D  FEMALE FISCHER 344 RATS 

M o r t a l i t y  R a t i o s  
Males Females 

- 8  
C o n c e n t r a t i o n ,  g!kg 

4 .O 1 0 / 1 0  --- 
3.0 I 9/10 10/10 

' 2 . 5  5 /  10' --- 
1.5 --- 5 1110 5 .  

1.0 ' 9 / 1 0  0/10 

2.0 1/13 7/10 

* I  

LDso & (95% C.L.) g / k g  = 2 ~ 5 ( 2 . 2 - 2 . 7 )  I 1 8(  1.6-2'. 2)  

Skin Irritation 

Diisopropylaminoethanol ' '  

, 

I 

A summary o f  t h e  s k i n  i r r i t a t i o n  e f f e c , t s  o f  d i i s o p r o p y l -  
a m i a o e t h a n o l  is shown i n  T a b l e  63. T h i s - c o m p o u n d  & r o v e d  t o  b e  a 
s e v e r e  i r r i t a n t  and  a c o r r o s i v e ,  ( i n d i c a t e d  by t h e  necrosis  i n  all 
6 r a b b i t s ) .  The p r i m a r y  i n d e x  score#of 8 . 4  i n d i c a t e s  t h a t  d i i s o -  
g r o p y l a m i n o e t h a n o l  is too i r r i t a t i n g  for human s k i n  c o n t a c t .  , 

The e f f e c t s  of d i i s o p r o p y l a m i n o e t h a n o l  con tac t  was e v i d e n t  
on t h e  r a b b i t s  s k i n  t h r o u g h  4 weeks  f o l l o w i n g  t r e a t m e n t .  B y  
1 - v  ?ek p o s t t r e a t m e n t  t h e  contact areas showed s i g n s  of c o r ' r o s i o n  
w i t h  s l o u g h i n g  of t h e  d e a d  t i s s u e .  By 8 weeks  p o s t t r e a t m g n t  the 
n e c r o t i c  areas were completely h e a l e d .  
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TA LE 63. SUMMARY F 4BBIT SKIN RRITAT ON EFFECTS 
' AFTER 4-HOUR CONTACT WITH DIISOPROPYLAMINOETKANOL 

Syrnp toms 
4 Hours 24 Hours 72 Hours 

' .  

Well defined (5) Well defined 
to' severe (1) erythema (6). 

slight ( 4 )  to slight I ( 3 )  edema. 
slight ( 2 )  edema. * Slight necrosis (6). 
NQ .necrosis ( 6 ) .  

.' erythema. Very Very slight ( 2 )  to. 

I .  I .  

Primary Index Score = 8.4  
Classification: severe irritant' 
( ) Number of rabbits s h o w i n g  symptom. 

Triethylphosphite 

Moderate to severe 
erythema (6). 
Slight edema (6). 
Moderate necrosis (6). 

A summary of the s k i n  irritation e fects of -r,ethylphos- 
phite is shown in Table 64.  This primary index score of 1.7 , 
would indicate that triethylphosphite is a mild irritant using 
the interpretation of the NIOSH skin testlratings., 

TABLE i34. S U M ~ A R Y  OF R A B B I T  SKIN IRRITATION EFFECTS ' 

AFTER 4-HOUR CONTACT WITii TRIETHYLPHOSPHITE 

Symp t oms 
4 Hours 24 H c u r s  72 Hours 

. .. 

, Very;  slight Well defined Well de$ined 
3 erythema ( 4 ) .  erythema (6). ,erythema ( 6 3 .  

Very' slight 
' ederca (3). 

Pr imary  Index Score = 1.7 ,, ", 

Classificatgon: mild irritant, : '  
( ) ,Number of rabbits showing symptom. 

I ,  

The irritation effect of trie'thylphosphite was persistqnt 
with erythema being evident at the contact sites f o r  \4 weeks 
posttreatment. The s k i n  returned to no?*mal appearal'.e by 8 weeks 
posttreatment. 
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Q.e I r r i t a t i o n  

D i i s o p r o p y l a m i n o e t h a n o l  
"' r , . L _ . .  * 

. I  

Because diisopropylaminoet'hanol p r o v e d  t o  b e  a s e v e r e  
i r r i t a n t  a n d  a c o r r o s i v e  i n  t h e  s k i n  i r r i t a t i o n  t e s t ,  i t  was 

c o a p o u n d .  I , 

I ' 1  deemed u n n e c e s s a r y  t o  p e r f o r m  t h e  e y e  i r r i t a t i o n  t e s t  w i t h  t h i s  

. .  . .  . . .  

C I  
) ! ,  I . .  > I  

I I ,  T r i e t h y l p h o s p h i t e  , I ,  

E x a m i n a t i o n  o f  t h e  e y e s  o f  t h e  9 r a b b i t s  f o l l o w i n g  t r e a t m e n t  I 

I 

w i t h  t r i e t h y l p h o s p h i t e  r e v e a l e d  s l i g h t l y  c o n s t r i c t e d  p u p i l s  i n  
a l l  t r e a t e d  eyes. By 24 h o u , r s  t h e  p u p i l s  o f  t . h e , t r e a t e d  e y e s  
were s t i l l  S l i g h t l y  c o n s t r i c t e d  a n d  showed s l u g g i s h  r eac t ion  t o  
l i g h t .  Two o f  t h e  t r e a t e d , e y e s  showed a d i f f u s e  c o r n e a l  o p a c i t y  
when s t a i n e d  w i t h  f l u o r o s z e i n .  
f o l l o w i n g  treatment.wHile.the,other . r e m a i n e d  unwashed .  , ho . i r r i -  
t a t i o n  was f o u n d  i n  t h e  i r i s  or  c o n j u n c t i v a e .  By 48 h o u r s  a l l  

t h e  unwashed e y e  s t i l l  showed a d i f f u s e  corneal o p a c i t y  w h i c h I  
d i s a p p e a r e d  by 72 h o u r s .  

O n e  of t h e s e  h a d  b e e n  washed  , 
, 

" p u p i l s  a p p e a r e d  n o r m a l  a n d  r e s p o n d e d  t o  l i g h t .  ? h e  r a b b i t  w i t h  I 

I I 

1 ,  
I '  

, 
4 

Dennal T o x i ' c i t g  

D i i s o p r o p y l a m i n o e t h a n o l  
, .  

Diisopropylaminoethanol, p r o v e d  t o .  be a corrosive i n  t h e  
. s k i n  i r r i t a t i o n  ,test: A d e r u k l  LDso w a s  n o t  a t t e m p t e d  as i t  was 
f e l t  t h e  coTrosive p r o p e r t i e s  o f  t h e  compound are  much more haz'- 

, 2  a r d o u s  t h a n  its t o x i c i t y .  
1 

1 ,  

T r  i ; t h y l i : i o s p h i  te 

F i v e  male a n d  5 f e m a l e  r a b b i t s  were d o s e d  w ' i th  a t r i e t h y l -  
p h o s p h i t e  concent ra t ion  o f  2 mL/kg of b o d y  w e i g h t .  
f e m a l e  r a b b i t s  d i e d  w i t h i n  24 h o u r s  f o l l o w i n g  t r e a t m e n t  w h i 1 e . a  ' 

i s  t h e  u p p e r  d , o s i n g  l i m i t  for d e r m a l  t e s t i n g ,  no f u r t h e r  t e s t i n g  

Two of 5 
I 

I s i n g l e  male r a b b i t  d i e d  12 d a y s  a f t e r  t reatment .  S ince  2 mL/kg 

' i s  , p l a n n e d  w i t h  t r i e t h y l p h o s p h i t e .  
4 ,  

, 
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Inhalation T o x i c i t y  > #  

, .  

p i  isoprop j r  1 a m i  n o e  t ha bo 1 
. I  

A summary of t h e  6-hour i n h a l a t i o n  t o x i c i t y  e f f e c t s  of d i -  
i s o p r o p y l a m i n o e t h a n o l  on male a n d  #female r a t s  a n d  mice is shown 
i n  T a b l e s  6 5  a n d  .66,  r e s p e c t i v e l y .  No a p p r e c i a b l e  d i f f e r e n c e  i n  
t o x i c  r e s p o n s e  was n o t e d  b e t w e e n  male ' a n d  f e m a l e  ra t s  a s  was t h e  
.case w i t h  ED,MP. 
6-tiour LCso of EDMP w h i c h  w a s  2520 m g / m 3 .  
increase i n  EDMEZ t o x i c i t y  $ n  f e m a l e  r a t s  ( 6 - h o u r  LCso of 209 
mg/#rn3) , .does , n o t  , a p p e a r  to, be d i r e c t l y  re la ted ,  t o  T h e ,  amount '  o f  a 

d i i s o p r o p y l a m k n o e t h a n o l  p r e s G n t  , i n  t h e  EDMP e x p o s u r e s .  

The LC5o of t h f s  compound i s  similar , to  t h e  mate' 
W h a t e v e r  c a u s e d  the 

* 

TABLE 65 .  SUMMAR? OF 6-HOUR ,INHALATION TOXICITY RESULTS QF 
DIISOPROP~LAMINOETHANOL ON FISCHER, 344 R A T S  (N = ,  lo) 

, 
M o r t a l i t y  Ratio 
Male Female 

1 ,  ' 
C o n c e n t r a t i o n ' ,  mg/m3 

2592 10/10 I 10/10 
210s 6/10 I 8/ 10 
1836 2/10 2/10 
1766 O / l O  1/10 

Male R a t  LCso (95% C.L:) = 2041 (1942-2223) mg/m3 
Female R a t  LCso (95% C.L.) = 1965 (1877-2108) mg/m3 

TABLE 66-  ACUTE (6-HOUR) INHALATION TOXICITY 
OF DIISOPROPYLAMINOETHANOL IN cu-i MICE (N = io) 

M o r t a l i t y  R a t i o  
C o n c e n t r a t i o n ,  mg/m3 _I_ Xal'e ' F e m a l e  

I 

, " 2 1 6 9  . ' 

. I  
1989 

1 6 7 6  
1584 
1568 

17271 

Male Mouse .LCso (95% C.L.) 2011 
F e m a l e  Mouse LCso (95% C.J,.,) = 1661 

' 8/10 l i l / l b  
5/10 9/ 10 

0/10 ' 10/ PO 
-- 2/10 

,0/10 o/ lo 

-L 7/ IO 
8 1  

(1869-2119) mg/m3 
mg/m3 (95% C.L. u n o b t a - . I b b l e )  
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D i i s o p r o p y l a m i n o e t h a n o l  a p p e a r s  t o  b e  somewhat more toxfic t o  
f e m a l e  mice t h a n  male r i c e  when c o m p a r i n g  t h e  r e l a t i v e  LCso v a l -  

, u e s .  The  a p p a r e n t  increased  t o x i c i t y  is caused by t h e  r e v e r s a l  ' , 
i n  t o x i c i t y  w h i c h  o c c u r r e d  i n  a g r o u p  of f e m a l e  mice exposed  t o  
1676 mg/m3. T h i s  r e v e r s a l  a l so  p r e c l u d e s  t h e  c a l c u l p a t i o n  of 
conf idence  l i m i t s  f o r  t h e  female mouse LC5u. 

The a c u t e  t o x i c i t y  t e s t i n g  of b i s  ( d i i s o p r o p y l a a i n o e t h y l )  , 
m e t h l y p h o s p h o n i t e  h a s  been s t a r t e d  w h i l e  0 , O ' - d i e t h y l m e t h y l p h o s -  
p h o n i t e  h a s  not y e t  b e e n  r e c e i v e d  f o r  e v a l u a t i o n .  , 

I *  I ,I I ,  . ,  
INVESTIGATION 0P.THE 1-HOUR EMEEBNCY 

EXPOSURE LIMIT OP JP-5 
! . '  

The THRU h a s  i n v e s t i g a t e d  t h e  t o x i c  h a z a r d s  a s s o c i a t e d  w i t h  
I a number of j e t  f u e l s  u s e d  i n  m i l i t a r y  a p p l i c a t i o n s .  

k e r o s e n e  t y p e  f u e l  c o m p r i s e d  of a m i x t u r e  o f  a r o r n z t i c ,  ' p a r a f f i n i c  
a n d  a l i c y c l i c .  h y d r o c a ' r b o n s ,  a n d  i s  less . v o l a t i l e  t h a n  o t h e r  - j e t  ' 

a n d  t r a n s f e r r e d  i n  c ' o n f i , n e d " a r e a s  '@board  s h i p s ,  where  c o n t i n u o u s  

i n h a l a t i o n  s t u d y  w a s  c o n d u c t e d  by t h e  THIRiJ t o  e v a l u a t e  p o t e n t i a l  
, t o x i c  effect? .  , A n o t h e r  p o s s i b l e  i n h a l a t i o n  e x g o s u r e  h a z a r d  i s  
c r e a t e d ' d u r i n g ,  a n  a c c i d e n t a l  s p i l l  of JP-5. C o n c e n t r a t i o n s  
g e n e r a t a d l i n  these s i t u a t i o n s  may be e x t r e m e l y  h i g h  xor s h o r t  
periods of t i m e .  

JP-5 i s  a 

, ' 

f u e l s .  ' I t  i s  u s e d  i n  Kava1 ' a i r c r a f t .  B e e a u s e  ,'JP-5 i s  . c a r r i e d  . , .  

I e x p o s u r e  by p e r s o n n e l  m i g h t  b e  a h a z a r d ,  a 90-day c o n t i n u o u s  

) .  I n  r e c o g n i t i o n  of t h e  h a z a r d s  a s s o c i a t e d  w i t h  a c c i d e n t a l  
, b r i e f  h i g h  l e v e l  e x p o s u r e s ,  t h e  C o m m i t t e e  011 T o x , i c o l o g y  0 . E .  t h e  . , , 

N a t i o n a l  An~,d!aruy 0% S c i e n c e s  - . N a t i o n a l  . R e s e a r c h  C o u n c i l  has 
e s t a b l i s h e d  Emergency E x p o s u r e  L i m i t  (EEL,) g u i d e l i n e s .  EEL'S a re  

, l c d n c e n t r a t i p n s  af c o n t a m i n a n t s  t h a t  c a h  be t o l e r a t e d  w i t h o u t  
, a d v e r s e  e f f e c t s .  These c o n c e n t r a t i o n s  may c a u s e  a c u t e  d i s c o m f o r t  

or other  e v i . d e n c e  of i r r i t a t i o n  .or i n t o x i c a t i o n .  I n t o x i c a t i o n  t o  
t h e  p o i n t  of p r e v e n t i n g  s e l f - r e s c u e  i s  u n a c c e p t a b l e ,  d e s p i t e  t h e  ' . 

f a c t  t h a t  t k d  toe;,: , e f f e c t s  are  ' r e v e r s i b l e .  

In p r e v i o u s  a n i m a l  s t u d i e s  on  JP-5 d e r i v e d  from P e t r o l e u m  o r ,  
S h a l e  s o u r c e L  t h e  most s l g n i i i c a n t  a n d  c o n s i s t e n ' t  e f f e c t  h a s  b e e n  
t h e  deve l 'opment  o f  r e n a l  t i s s u e  c h a n g e s  i n  male F i s c h e r  344  r a t s  
( G a w o r s k i  e: a l . ,  1984, 198Q). The m i c r o s c o p i c  c h a n g e s  c o n s i s t e d  
o f  h y a l i n e  d r o p l e t  f o r m a t i o n  a n d  r e n a l  t u b u l a r  e p i t h e l i a l  c e l l  
n e c r o s i s .  Female F i s c h e r  344 r a t s ,  f e m a l e  C578L/6 mice, male 
beagle  d o g s ,  a n d  fe - . le  beagle d o g s  were f r ee  o f  t h e  renal dam- 
a g e .  Knave e t  a l .  (1976) r e p o r t e d  t h a t  a i r c r a f t  f a c t o r y  workers 
e x p o s e d  t o  j e t  f u e l  v a p o r s  e x p e r i e n c e d  a c u t e  e f f e c t s  i n c l u d i n g  
d i z z i n e s s ,  headache ,  n a u s e a ,  r e s p i r p t o r y  t r a c t  symptoms,  hea r t  
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p a l p i t a t i o n s  a n d  a, f e e l i n g  of t i g h t n e s s  i n  t h e  c h e s t .  S i m i l a r  
s y m p t o m s  were d e s c r i b e d  by a p i l o t  a c u t e l y  e x p o s e d  t o  J P - 4  vapors  
( D a v i e s ,  1 9 6 4 ) .  

T h e  E E L  f o r  J P - 5  i s  p r e s e n t l y  5000 mg/m3. T h i s  v a l u e  was 
c h o s e n  o n  t h e  b a s i s  of t h e ' t o x i c i t i e s  of t h e  i n d i v i d u a l ' c o m -  
p o n e n t s  of t h e  f u e l  r a t h e r  t h ' a n  t h e  f u e l  i t s e l f ' .  The C o m m i X t e e  
on Toxicology of t h e  N a t i o n a l  Academy o f  S c i e n c e s  r e c e n t l y  $',re- 
v i e w e d  t h e  EEL v a l u e  f o r  t h i s  f u e l  a n d  c o n s i d e r e d  ' a  downward  
r e v i s i o n  t o  150 m g / r n 3  b a s e d ,  o n  t ' h e  renal e f  f e e t , $  s e e n '  i n  'pale 
r a t s  a f t e r  9 W  d a y s  c o n t i n u o u s  exposure.  T h e r e  w a s  n o  i n f o F m a t i o n  

a C o n c e n t r a t i o n  of 5000 mg/m3. ' T h e ,  p u r p o s e  of t h i s  s t u d y  was t o  
i r p v e s t i g a t e  t h e  e f f e c t  of a n  a c u t e  s i n g l e  i n h a l a t i o n  e x p o s u r e  of 
.JP-5 a t  h i g h  c o n c e n t r a t i o n s  t o  d e t e r m i n e , i f . r e n a l  i n j u r y  w o u l d  
r . e s u , l t .  . T h e  i n i t i a l  c o n c e n t r a t i o n  t e s t ed  w a s  5030 m g / m 3 .  S u b -  
s e q u e n t l y  a 2500 mg/m3 JP-5  e . x p o s u r e  was a l s o  condu.ct ,ed. '  B e c a u s e  
o f  t h e '  s i g n s  of r e n a l  t o x i c . i t y  i n  ra ' t s  ! e x p o s e d  c o n t i n u o u s l y  t o  

' . \.J,P-5 v a p o r s ,  t h e  k i d n e y s  o f  a l l  a n i m a l s  were e x a m i n e d  c l o s e l y .  

n t h e  1 . i t e r a t u r e  o n  the t o x i c i t y  of a s . i n g l e , e x p o s u r e  , to  JP-5 ,  a t ,  , I  

I ,L 

Y e t  hods 

JP-5 v a p o r s  were g e n e r a t e d  'by 
, t h r o u g h  s p i r a l e d  g l a s s  e v a p o r a t i o n  

.-.-.-...e. : 

, I .  

p a s s i n g  a known l i q u i d  f l o w  
towers.' A measured a i r  f l o w  

t h r o u g h  , t h e  e v a p o r a t o r s  ca r r ied '  t h e  v a p o r s  into t h e '  e x p o s u r e "  
c h a m b e r .  An a i r f l c w  minimum of 80.CFM was m a i n t a i n e d  1.n t h e  
e x p o s u r e  c h a m b e r .  , '  

C h a m b e r  c o n c e n t r a t i o n s  were m e a s u r e d  w i t h  a h y d r o c a r b o n  
a n a l y z e r .  ' C a l i b r a t i o n  was a c c o m p l i s h e d  u s i n g  Myl.ar b a g s  c o n t a i n -  
' i n g  known s tpcc iard  c o n c e n t r a t i o n s .  

I (  

.Rats a n d  mice were e x p o s e d  t o  v a p o r  c o n c e n t t a t i o n s  of 5000 
mg/m3 or 2500 mg/rn3 i n  a ' 2 . 5  m3, L o n g l e y  chamber ' .  . G r o u p s  c o n s i s t -  
i n g  of 2O'male  F i s c h e r  3 4 4  ra t s  a n d  20 male C57BL/6  mice w e r ;  
e x p o s e d  for I hour. TWO selpatate c o n t r o l  g r o u p s  b n n s i ' s t i ' n g  of a 
s $ m i l a r  n,umber  of a n i m a l s  were a l s o  m a i n t a i n e d .  Ten  a n i m a l s  of 
e a c h , s p e c i e s  from t h e  coilZrol a n d  e x p o s e d  g r o u p s  were s a c r i f i c e d  
2 4  h o u r s  f o l l o w i n g  e x p o s u r e  w h i l e  t h e  r e m a , i n L n g  a n i m a l s  w e r e ' , ,  , 

o b s e r v e d  f o r  2 8  - d a y s  p o s t e x p o s u r e .  

R o d e n t s  were h o u s e d  i n  l a rge  w i r e ' r n e s h  c a g e s  d u r i n g  e x p o s u r e  
t o  a l low f o r  a g r e a t e r  f r e e d o m  of movemen t  a n d  t o  pio 'vr ide more 
o p p o r t u n i t y  f o r  v i s u a l  o b s e r v a t i o n s .  A l l  a n i m a l s  were o b s e r v e d  
f o r  s i g n s  of t o x i c  s t ress  d u r i n g  t h e  e x p o s u r e  p e r i o d .  
u l a r ,  . s i g n s  t h a t  c o u l d  be  i n t e r p r e t e d  as p r e v e n t i n g  s e l f  r e scue '  
were c a r e f u l l y  e v a l u a t e d .  T h e  r a t s  were w e i g n e d  i m m e d i a t e l y  

I n  partic- 
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p r i o r  t o  e x p o s u r e  and  a t  1,  2 ,  3 ,  ,7, 1 4 ,  2 1 ,  a n d  28 d a y s  p o s t '  
e x p o s u r e .  Mice were w e i g h e d  i m m e d i a t e l y  p r i o r  t o  exposure a n d  a t  
d a y s ' 7 ,  1 4 ,  a n d  28. 

Blood s a m p l e s  were c o l l e c t e d  from ra t s  ( v e n a  c a v a )  a t  t h e  
t i m e  o f  s a c r i f i c e  a n d  complete b lood  counts were p e r f o r m e d .  
b l o o d  c h e m i s t r y  a n a l y s e s  were a l s o  m a d e  f o r  SCOT, SGPT, B U N ,  
c r e a t i n i n e ,  a n d  a l k a l i n e  p h o s p h a t a s e .  

W h o l e ' k o d y ,  l i v e r ,  a n d  k i d n e y  w e i g h t s  Were m e a s u r e d  or a l l  
ra ts  s a c r i f i c e d  a t  24 h o u r s  a n d  28 d a y s  p o s t e x p o s u r e .  A l l  a n i -  
mals r e c e i v e d  P complete g r o s s  e x a m i n a t i o n  a t  t h e  t i m e  of 
n e c r o p s y .  L i v e r  a n d > k i d n e y  t i s s u e , w a s  collected f r o m  each a n i m a l  
for m i c r o s c o p i c  e x a m i n a t i o n .  

, 

After completion of t h e  1-ho'ur e x p o s u k e  p e r i o d  t h e  10 ra t s  
from each g r o u p  selected for  p o s t e x p o s u r e  h o l d i n g  were t r a n s f e r -  
red t o  the 'NMRI/TD l a b o r a l t o r y  f o r  p e r i o d i c  u r i n e  c o l l e c t i o n  a n d  
a n a l y s i s .  I n  a d d i t i o n ,  water c o n s u m p t i o n  a n d  u r i n e  v o l u m e  were 
m e a s u r e d  a n d  a m i c r o s c o p i c  e v a l u a t i o n i o f  t h e  u r i n e 1  was d o n d u c t e d .  

Results 

A n a l y z e d  e x p o s u r e  c o n c e n t r a t i o n s  were 2483 2 63 mg/m3 a n d  
, 5085 5 78 mg/m3. A l t h o u g h  , t h e  JP-5 c o n t a m i n a n t  w a s ' g e n e r a t e d  a s i  

' a  b 'apor ,  a v e r y  d e n s e  c o n d e n s a t e  aerosol d e v e l o p e d  i n  t h e  cham- 
' b e r ,  p a r t i c u l a r l y  d u r i n g  t h e  5000 mg/m3 e x p o s u r e .  M i s t  o f  t h e  ' 

a n i m a l s  had a c o a t i n g  o f  JP-5 on t h e i r  fur a t  t e r m i n a t i o n  of t h e  
5000 m g / m 3  e x p o s u r e .  
exposed a t  the lower l e v e l .  

, .  S e n s o r y  e y e  i r r i t a t i o n  a n d  CNS d . e p r e s s i o n  d e v e l o p e d  i n  r a t s  

The c o a t i n g  w a s , n o t  o b s e r v e d  on  a n i m a l s  , 

* I  

I .  . ' 8  . 

' a n d  mice e x p o s e d  t o  5000 mg/rn3. 

, Rats were l e t h a r g i c  b.?d d e m o n s t r a t e d  d e l a y e d  r i g h t i n g  r e f l e x  for 
about 2 'hours p o s t e x p o s u r e .  0 n . e  of t h e  20  mice e x p o s e d  t o  5000 
m g / m 3  e x h i b i t e d  , ,h ind  l i m b  p a r a l y s i s  upon r ,ernoval  f rom e x p o s u r e .  
None of t h e  o t h e r ' l 9  mice d e m o n s t r a t e d  a n y  l o s s  o.f m o b i l i t y . "  A t  
24 h o u r s ' p o s t e x p o s i w e  a l l  a n i m a l s ,  w i t h  t h e '  e x c e p t S o n  o f  t h e  

. ' mouse w i t h  h i n d  l i m b  p a r a l y s i s ,  a p p e a r e d  ' n o r m a l .  A t  t h a t  time 
t h e  p a r a l y z e d  m o u s e , h a d  r e g a i n e d  p a r t i a l  u s e  o f  t h e  h i n d  l i m b s  
a n d  was a b l e  t o  move a r o u n d  t h e  cage. . A t  1-week p o s t e x p o s u r e  t h e  
mouse s t i l l  h a d  a n  u n s t e a d y  q a i t  b u t  c o n t i n u e d  t o  s h o w  i m p r o v e -  
ment u n t i l  t h e  s c h e d u l e d  E 2:ifice a t  2 8  d a y s  p o s t e x p o s u r e .  E y e  

hc, 
i rr._i.tr@. t.i o n  a 1 so. .oc ~.u.r.r_ed: ... ~ n . . . , . a . ~ ~ ~ ~ ~ ~ ~ . ~ . , , ~ , ~  _,_. t,o 250 0 mg / m3 J P-5 , 
b u t  d i s a p p e a r e d  upon,  r e m o v a l  from exposure.  N o  CNS e t f e c t s  %$re 
o b s e r v e d  i n  rats ,  o r  mice e x p o s e d  t o  2500 mk/rn3  J P - 5 .  ' 

The,  e y e  e f f e c t s  were i n d i c a t e d  
' by m i l d  l a c r i m a t i o n ,  e y e :  c l o s u r e ,  and  ) p a w i n g  o f  t h e  e y e l i d s .  
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B e c a u s e  of t h e  e f f e c t s  n o t e d . , i n  t h e  s i n g l e  mouse, exposed.to 
'5000 m g / m 3 ,  a s e c o n d  e x p o s u r e  was c o n d u c t e d , u s i n g  4 0  male R6C3Fl 
mice. D u r i n g  t h i s  e x p o s u r e  t ,h 'e mice were i n a c t i v e  ar!d s h o w e d  
s i g n s  of e y e  i r r i t a t i o n .  Most of t h e  mice h a d  w e t  c o a t s  d u e  t o  
t h e  JP-5 c o n d e n s a t e  aerosol p r e s e n t ,  i n  t h e  chamber .  Upons removal 
from1 t h e  chamber  t h e  mice'beca.me a c t i v e  a n d  started p r e e n i n g  to 
r e m o v e  JP-5 d e p o s i t e d  o n  t h e i r  coats. . N o n e  of t . he  40 mice demon-  
s t r a t e d  a n y  loss,of h o b i l i t y ,  e i t h e r  d u r i n g  t h e  e x p o s u r e  o r  d u r -  
i n g  t h e  28 d a y s  o b s e r v a t i o n  Reriod. 

No a d v e r s e  e f f e c t s  were seen o n  t h e l b o d y  w e i g h t  g a i n s  of 
r a t s  e x p o s e d  t o  e i the r  l e v e l  of JP-5 ( F i g u r e  8). Mouse b6dy 
w e i g h t  c h a n g e s  were so s l i g h t  . d u r i n g ,  t h e  28 -day  o b s e r v a t i o n  p e r -  

# i o d m t h a t  a n a l y s i s  of g r o w t h  was d i f f i c u l t ;  h o w e v e r , , j i t  w a s # n o t e d  
t h a t  n o l w e i g h ' t  loss o c c u r r e d  i n  t h e  m o u s e  groups e x p o s e d  t o  J P - 5  

. a t  e i t h e r  c o n c e n t r a t i o n .  I ,  $ 

260 

240 

230 

220 

200 
0 25 

a N o n f a s t e c i  days #7, 1 4 ,  21, and 25. , 

F i g u r e  8 .  E f f e c t  of JP-5 exposure  oa rat body w e i g h t s .  Values 
, r e p r e s e n t  mean f SE.. 
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I 

Serum B U N  and a l k a l i n e  p h o s p h a t a s e  l e v e l s  were i n c r e a s e d  a t  
2 4  hours p o s t e x p o s u r e  i n  ' r s t s  e x p o s e d  t o  5000 mg/rn3  ( T a b l e  6 7 ) .  
T h e s e  increases were m i l d  and  t h e  v a l u e s  were w e l l  w i t h i n  n o r m a l  , 

b i o l o g i c a l  v a r i a t i o n  for t h e  species.  No e x p o s u r e  re la te4  b l o o d  
e f f e c t s  were seen i n  r a t s  e x p o s e d  t o  JP-5 a t  t h e  2500 mg/rn3  
l e v e l . #  

I 

I 
. .  

I 

TABLE 67- EFFECT OF 1 HOUR EXPOSURES TO JP-5 C)N 
RAT BLOOD PARAMETERS 

JP-5 Concentration m g / m j  
I 08 , 2500 8 I O D  1 I I 5000, 

I 

Parameter I 

I ,  a,, 

7.18 f 0.61' 6.35 ,+ 0.62 7.91 f 0.08 7.92 i 0.13 . 0 

8.25 f 0.12 6.17 0.15 8;24 ?: 0.26 8.39 ?: 0.07, 

t 

40 f 9 35 f 3 45 f 1 45 f 1 
43 ktl I 4 2 f l  44 * 1 43 f 1 

1 
28 ' ,  'HCT ( % I  

15.6 & 0.2 15.3 f 0.2 14.9 f 0.2 15.2 f 0.2 
15.6 f 0.2 15.6-2 0.3 15.4 f 0 .2  15-6 f: 0.1 

I 
i 

! 1 ,  28 
' HGB (g/dl) 

8;2 
7.1 

+ - 
c 
0 - 4  
0.4 

5.2 2 
9.0 +, 

a . 2  
0 ..6 

5 . 5  
8.9 

?: 0.2 
f 0.3 

?: 0.4d 
2 0.4' 

I 

BUN (mg/dl) 1 20.2 -+ 0.4 
28 17.9 e 0.3 

Creat. (mg/dl) 1 0.43 2 0.02 
28 0.60 ,+ 0.00 

\ 

17 .O 
17.2 

0.4 
0.2 

17.3 
14.0 2 

0.42 2 
0.51 2 

0.3 
0.3 

18.5 
13.2 

+ - 
c 

?: 0 . 0 2  ', 
f 0.03 ' ' 

0.46 
0.60 

0.02 
0.00 

0.03 
0.03 

0 -43 
0.54 

. I  

84 
'8 9 

SGOT ( I U / L )  4 1  a4 2 
2a 92 f 2 

7 
2 

90 
93 

* 3  
* 2  

i 
f 

39 
32 

30 
43 

f 2  
f 2d 

i 
f 
4 
2 

,SGPT ( I U / L )  1 , 4 6 2 2  
28 31 h 1 . ,  

Alk. Phos. ( I U / L )  1 ,  337 f 15 
2a 0 161 1: 7 

' I  
' 1  

a Contro1,group for the 2500 m g / m 3  study. 
Control group for the 5000 m g / m 3  'study. 
Mesn'f SE, N =' 7 to 10 samples/group. 
Different from control, p 6 0.05. 

i gd 
f 9 '  

312 
158 

16 
a 

,242 f 
,'194 f 

12 
11 

283 
190 

f 
f 

, 

I 

, I  

E x p o s u r e  t o , J P - 5  a t  e i t h e r  2500 mg/m3 OF gOc?c), rngjrn? did not 
affect l i v e r  or k i d n e y  w e l g h t  ( T a b ' .  68 ) .  

Rat u r i n a l y s i s  c o n d u c t e d  by NMRI/TD revealed e l e v a l t e d  g l u -  
cose a n d  LDH l e v e l s  i n  J D - 5  e x p o s e d  r a t s  d u r i n g  t h e  f i r s t  2 4  

14 1 
. .  

' 14s 
. .  . -  - . -  . & ?  
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TABLE 68.  EFFECT OF 1 HOUR OF EXP.OYURES TO J P - 5  

.-I 

ON RAT ORGAN WEIGHT , !  

. '  
JP-5 Concentration m g / m 3  

.# 

Parameter _(Day) 0" 2500 O D  5 0 0 0  

Weight (g) 1 202 3' 202 2 3 189 2 3 191 2 3 

.. , 
a ,  

' .  
e .  *.  

l Fasted  Body 

237 2 3. 2 4 8  ?: 3 250 ,f 3 
8 .  a', 

28 '231 2 2 , 

1.65 +..0.03 ,1.70 2 0 . 0 4 .  1 .55  t 0-03 1 . 6 2 ' 2  0.03 
- 

. .  
K i d n e y  (g) 1 

28 1.75 2 9.03 1.80 f 0.04' 1.87 2 0.03 1.82 4 0.04 , ' 

I ,  

L i v e r  ( g )  ' 1 ' ' 7.51 f 0.15' 
28 6.72 f 0.24 

, K i d n e y  % of I 

Body 1 0.82, ?: 0.01 
28 0.76 f 0 . 0 2  

L i v e r  X of , 
t Body 1 ,3.72 ,+ 0.06 

28 2.91 f 0.12 
f 

I 

7'.34 f , O l . t 9  6.56 
6.8.4 f: O . l , 4  , 8.36 

0.84 t 0.01 ,0'.82 
0.76 f 0-01 0.76 

3.62 f 0.05 I 3 . 4 7  
2.90 f 0.03 3.38 

L 

f 0.14. ' 
2 0.14 

!' 

f 0.01 , 
f' 0.01 

I 

f' 0.04 
k 0.04 

. '  

' '. 6.68 f 0 . 1 2  
8.46 i 0 . 2 1  

c , 
I '  0.85 f 0.01 

0.73 2 0.01 . .  
. I  

\ 

3.50 f 0.04, L 
3 . 3 8  & 0.06 I. 

. .  
. *  

, 

I 

I ,  . .  . 
..' 

a Control group ;or t h e  2500 m g / m 3 . s t u d y .  ; 
Control g r o u p  for t h e  5000 mg/m? s t u d y .  i 

'Mean, 2 SE, N = 10 sarnplds/group. , 4 ,  * 
' .  

I 
. I  

8 ,  

< .  
1 ',. 

h o u r s  p o s t e x p o s u r e .  S u b s e q u e n t  e x a m i n a t i o n s  i n d i c a t e d  a r e t u r n  'Z 

t r e n d  was a l so  s e e n .  i n  rats e x p o s e d  t o  2500 mg/m3;, h o w e v e r ,  t h e  .. 
t a l u e s  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  from c o n t r o l s  a t  p c *d  

T7 
.a, 

t o  n o r m a l  l e v e l s  in e x p o s e d  r a t s .  U r i n a r y  GOT w,as i n c r e a s e d  i n  
r a t s  e x p o s e d  t o  5000 mg/m3 f o r  u p  . t o  4 d a y s  p o s t e . x p o s u r e .  ' T h i s  

0.05. Rats e x p o s e d  t o  2500 m g / m 3  c , o n s i s t e n t l y  e x c r e t e d  more *i 
r 

_. . .  
p r o t e i n  t h a n  c o n t r o l s .  Th ' i s  e f f e c t  was n o t  s e e n .  i n ,  rats a t  t h e ,  
5000 mg/m3 l e v e l . ,  E x p o s u r e  to' JP-5 at e i t h e r  l e v e l  p r o d u c e d  

" . sloughing of r e n a l  e p i t h e l i a l  c e l l s .  , A t  I-week p o s t e x p s u , r e ,  L. 

c e l l s  r e m a i n e d  in t h e  u r i n e  of e x p o s e d  rats, b u t  on g r e a t l y  L' 

r e d u c e d  'numbers .  , Even a t  2 9  d a y s  ' p o s t e x p o s u r e  renal e p i t h e l i a l  
c e l l s  were o b s e r v e d  i n  e x p o s e d  r a t  u r i n e :  No s i g n i f i c a n t  expo-  - 
s u r e  re la ted  e f f e c t  was o b s e r v e d  i n  t h e  u r i n e  c o n c e n t r a t i n g  h b i l -  
i t y  of e x p o s e d  r a t s .  I n  s - l d i t l o n ,  all o the r  urine parameters 
measured f a i a e d  t o  s u g g e s t  any e x p o s w e >  r -e lated e f f e c t s .  

'tc" 

N o , S i g n i f i c a n t  gross l e s i o n s  were o b s e r v e d  i n  animals ex-  
p o s e d  t o  J'P-5 a t  e i t h e r  2500 m g / m 3  or 5000 mg/m3. M i l d ,  d i f f u s e  
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h y a l i n e  d r o p l e t  f o r m a t i o n  was n o t e d  i n , t h e  p r o x i m a l  c o n v o l u t e d  . I I 

t u b u l e s  of a l l  rats e x a m i n e d  24  h o u r s  a f t e r  e x p o s u r e  t o  5000 
mg/m3 JP-5 ( T a b l e  69) .  This c o n d i t i o n .  was s i m i l a r f t o  t h a t  o c c u r - .  
r i n g  i n  t h e  male r a t s  e x p o s e d  t o  JP-5 'for 90 d a y s ,  a l t h o u g h  i t  
was f a r  less  sev.;re. 
r a t s  d i s p l a y e d ,  h y a l i n e  d r o p l e t s .  No, l i v e *  t i s s u e '  c h a n g e s  were 
o b s e r v e d  i n  r a t s  exposed to, 5000 mg/m3. 

. ,  

A t  28 d a y s  p o s t e x p o s u r E  7 of 10 e x p o s e d  

. I  

TABLE 69. EFFECT OF I HOUR EXBOSURESmT0,5000 MG/M3 JP-5 
ON RAT L I V E R  AND KIDNEY 

L i v e r  K i d n e y  
t "  C o n c e n t r a t i o n  L e s i o n s  H y a l i n e  D r o p l e t s  I 

( m g / m 3 >  ' 2 4  h r s  28 d a y s  2 4  h r s  28 d a y s  
' ,  

0 ' O / I O a  ' 0/10 0/10 1/10 
5000 0/10 3 0/10 10/10 ' * 7/10 

' >  

a' Number o b s e r v e d / ? u m b e r  e x a m i n e d .  . .  
- 

E x a m i ' n a t i o n  .o'f mouse t i s s u e s  c o l l e c t e d  from e i t h e r  s t u d y  and 
r a t  t i s s u e s  col lected d u r i n g  t h e  2500 mg/m3 s t u d y  was n.ot com- 
p l e t e .  for t h i s  r e p o r t .  

I 

D i s c u s s i o n  

A s i n g l e  1-hour e x p o s u r e  t o  5000 zg;/s3 GP-5 p r o d u c e d  r e n a l  
t i s s u e  h y a l i n e  drcplst r o r m a t i o n  in male ra t s  s i m i l a r  t o  c h a n g e s  
n o t e d  i n  a n i m a l s  e x p o s e d  t o  JP-5 f o r  lonr-..?r t i m e  p e r i o d s .  T h i s  
is c o n s i d e r e d  to b e  o n e  of t h e  f i r s t  i n u l c a t l o n s  of t h e  p r o c e s s  
u l t i m a t e l y  l e a d i n g  to, necrosis of r e n a l  e p i t h e l i a l  cells. Al- 
t h o u g h  s i g n l f i c g n t  numbers o f  r e n a l  c e l l s  were s l o u g h e d  i n  t h e  
male r a t  u r i n e  p o s t e x p o s u r e ,  n o  m i c r o s c o p i c ' e , v i d e n c e  0 2  c e l l u l a r  
nec ros i s  was o b s e r v e d .  This s u g g e s t s  t h a t  t h e  t o x i c  r e n a l  i n s u l t  
was m i l d  e v e n  a t  a n  e x t r e m e l y  h i g h  d o s e .  E x a m i n a t i o n  of t i s s u e s  
from ra t s  e x p o s e d  t o  2500 m g / m 3  may g i v e  a d d i t i o n a l  e v i d e n c e  
t o w a r d  e s t a b l i s s i n g  a "no  e f f e c t "  l e v e l  for t h i s  t y p e  of r e n a l  
d amag e. 

U r i n a r y  m a r k e r s  p r o v e d  t o  be s e n s i t i v e  i n d i c a t o r s  of JP-5 
I n d u c e d  r e n a l  ' i n j u r y ,  w h i l e  o r g a n  w e i g h t s ,  serum B U N ,  and serum 
c r e a t i n i n e  were less r e l i a b l e .  
e r a l l y  o c c u r r e d  w i t h i d  4 d a y s  p o s t e x p o s u r e ,  i n d i c a t i n g  t h a t  t h e  

R e c o v e r y .  of u r i n a r y  markers g e n -  
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e f f e c t s  of e x p o s u r s  were r e v e r s i b l e .  
t h e  i n d i c a t t o n s  cf r e n s l  t i s s u e , c h & n g e s  a n d  u r i n a r y  enzyme 
c h a , n g e s ,  n o  d e t r i m 4 n t a l  e f f e c t  was s e e n  o n  u r i n e  c o n c e n t r a t i n g  
a b i l i t y .  

I t  was n o t a b l e  t h a t  d e s p i t e  

T h e  CNS d e p r e s s i o n  n o t e d ,  i n  r a t s  e x p o s e d  t o  5000 mg/m3 f o r  1 
h o u r  s u g g e s t s  t h a t  t h i s  l e v e l  may be t o o  h i g h  t o  al low for self  
rescce. I n  a d d i t i o n ,  1 o f  20 mice e x p o s e d  t o  5000 r n g / m 3  JP-5 ' 

d i s p l a y e d  h i n d  l i m b  ; a r a l y s i s . .  I t  must be e m p h a s i z e d ,  h o w e v e r ,  
, I , t h a t  a r e p e a t . e x p q s u T , e  o f  40 m i c e  t o  5000 m g / m 3  f a i l e d  io, p r o d u c e  

a n y  i n d i c a t i o n  of s e v e r e  n e u r o l o g i c ' i m p a i r m e n t .  The  CNS'aepres- 
s i o n  n o t e d  i n  ra t s  a n d  m i c e . e x p o s e d  t o  5000 rng/m3 i s  c o n s i s t e n t  
w i t h  t h e  d i s t u r b a n C e s  n o t e d  i n '  a i r c r a f t  f a c t o r y  w o r k e r s  a n d  a 
p i l o t  e x p o s e d  t o  j e t  f u e l  (Kndve e t  al., '1976; D a v i e s ,  1964). 
Absence of CNS e f f e c t s  a t  a c o n c e n t r a t i o n  o f  2500 mg/m3 s u g g e s t s  
i h a t  t h i s  l e v e l  may be' more a p p r o p r i a t e  a s  t h e  b a s i s  for :an .EEL 
c o n c e n t r a t i o n .  
c c m p l e t i o n  of microscopic e x a m i n a t i o n  of t i s s u e s  c o l l e c t e , d  f r o m  
a ' l l  a n i m a l s  i n  t h e  s t u d y .  

However ,  t h e  r e i o m m e n d a t i o n  f o r  a n ,  E E L  must await  
' ' 

. .  I '  

ACdTE DBLAYED NEUROTOXICITY STUDY ON 
C H ~ R O T R I F L U O R O E T H Y ~ ~ ~ ~  OLIGWEB 

C h l o r o t r i f  l u o r o e t h y l e n e  ( C T F E )  o l i g , m h e r  h a s  become, a p r i m a r y  
, n o n f l a m m b l e  h y d r a u l i c  f l u i d  c a n d i d a t e .  As c u r r e n t  a n d  o t h e r ,  

c a n d i d a t e  h y d r a u l i c  f l u i d s  h a v e  been s u s p e c t e d  n e u r o t o x i n s ,  t h e  
n e u r o t o x i c  p o t e n t i a l  of CTFE'must  be e v a l u a t e d .  

This s t v d g  wes - ? + s i g n e d  to d e t e r m i n e  i f  d e l a y e d  n e u r o t o x i c  
' e f f e c t s  r e s u l t  f r o m  e x p o s u r e  of a d u l t  c h i c k e n s  t o  p e r o r a l  doses  
of CTFE. A v e h i c l e  c o n t r o 1 , a s  w e l l  a s  a t r i o r t h o c r e s y l p h o s p h a t e  
!TOW) p o s i t i v e  c o n t r o l  'were tes ted c o n c u r r e n t l y  w i t h  CTFE. 
F i n a l .  d e t e r m i n a t i o n  of a n  i n j u r y  ' e f f e c t  was b a s e d  o n ' a .  c o m p a r i s o n  

' o f  t h e . t e s t  c h i c k e n , s  w i t h  t h e  TOCP c o n t r o l  c h i c k e n s .  
, .  

I L e g h o r n  h e n s  ' ( G a l l u s  d o m e s t i c u s ,  C a r e y '  N i c k : 3 0 0 - 3 2 0  h y b r i d )  
5 to 7 m o n t h s , o f  a g e  a n d  w e i g h i n g  b e t w e e n  1.10 a n d  1.95 k i l o g r a m s  
were p u r c h a s e d  from C a r e y  F a r m s ,  La Rue ,  Ohio. The d e b e a k e d  h e n s  
were g r o u p  h o u s e d  i n  3' by 6 '  p e n s  t o  allow for freedom of move- 
m e n t .  Food a n d  water were a v a i l a b l e  ad l i b i t u m .  

' T h e  CTFE was s u p p l i e d  by t h e  U. S.  A i r  F o r c e .  1 n c l : l d e d  w a s  
a n  a d d i t i v e  of 1.0% o f  a 50% e f f e c t i v e  a n t i - r u s t  a d d i t i v e ,  neu- 
t r a l  barium d i n o n y l n a p h t h a l e n e  s u l f o n a t e .  T h i s  is a c u r r e n t l y  ' 

u s e d  a d d i t i v e  p r e s e n t  i n  many r u s t  i n h i b i t e d  fluids. A s e c o n d  
a d d i t i v e  is 0.05% o f  a company p r o p r i e t a r y  a n t i - w e a r  a d d i t i v e .  
A t  t h e  m a n u f a c t u r e r ' s  r e q u e s t ,  n o  f u r t h e r  a n a l y s i s  was made.,  

, .  144 
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P r e l i m i n a r y  t o  t h e  n e u r o t o x i c i t y  t e s t i n g ,  t h e  a c u t e  o r a l  
t o x i c i t y  of t h e  h y d r a u l i c  f l u i d  was d e t e r m i n e d -  O r a l  i n t u b a t i o n  8 

was a c c o m p l i s h e d  e m p l o y i n g  a s y r i n g e '  P i t t e d  w i t h  a 6"  i n f a n t ,  
ca the te r .  The n o n f a s t e d  h e n s  were 3 e i g h e d  i n d i v i d u a l l y  t o  d e t e r -  
m i n e  t h e  p r o p e r  d o s e  volume.  None of 3 h e n s  d i e d  & ? t a r  r ~ ~ e i v i ~ g  
a s i n g l e  d o s e  of 5 mL/kg. T,o d e t e r m i n e , i f  h e n s  c o u l d  s u r v i v e  
t h i s  r e g i m e n  for 5 c o n s e c u t i v e  d a y s ,  d o s e s  of 5 mL/kg were a d m i n -  
i s t e r e d  t o  3 n a i v e  h e n s  o v e r  a 5-day p e r i o d .  A l l  su;.vivcd t h e  
f o l l o w i n g  1 4  d a y s .  

T h e  h y d r a u l i c  f l u i d  was a d m i n i s t e r e d  t o  u n f a s t c d  h e n s  i n  6n. 
, u n d i l y ~ e d  'state. '  The p o s i t i v e  c o n t r o l ,  TOCP, was d i l u t ' e d  i n ,  c o r n '  I' ' 

* I  ' oi ' l  t o  a c h i e v e  a dose v o l u m e  of's mIl/kg. 
g r o u p '  r e c e i v e d  a p p r o p r i a t e  d o s e s  o f .  c o r n  o i l .  The method fo l lows  
t h a t  of S i e g e 1  ,et a>. (1965) recommended f o r  t e s t i n g  o f , U .  S .  
Navy materials; The  r o l l o w i n g  d o s i n g  r e g i n l e n  was f o l l o w e d :  

A n e g a t i v e  co,ntr 'oll  
. I  

CTFE - G r o u p e  of 4 h e n s  t r e a t e d  w i t h  4 doses.  The h i g h e s t  
I 

, n o n t o x i c  d o s e  f o l l o w e d  by lower d o s e s  d e c r e a s e d  a r i t h m e -  
t i c a l l y  t c r  a n o - e f f e c t  l e v e l .  

TOCP - G r o u p s  o f  4 h e n s  t reated w i t h  each ,o f  t h e  f o l l o w i n g  
doses: 60, 75, 90 m g / k g / d a y .  

I 

Corn O i l  - Twelve  h e n s  g i v e n  t h e  same t o t a l  v o l u m e  o f ' f l u i d  d o s e  
' a s  test a n i m a l s .  

, 

O b s e r p a t i o n s  a n d  g r , a d i n g  by 3 o b s e r v e r s  b e g a n  7 d a y s  a f t e r  t h e  I 

f i r s t  d o s e ,  a n d  c o n t i n u e d  3 t i nes  a week (Monday, Wednesday ,  and 
F r i d a y )  u n t i l  30 d a y s  a f t e r  t h e  f i r s t  dose,. , T h e , f o l l o w i n g  p o i n t  
score s y s t e m  was u s e d :  

' 0 P o i n t s  Symptom F r e e  
D o u b t f u l  or Minor  Symptoms 2 P o i n t s  
P o s i t i v e ,  P a r a l y t i c  Symptoms 8 P o i n t s  
Advanced  P a z a l y t i c  Symptoms 1 2  P o ' i n t s  

I 

$ 8  

D e a t h  , 15 PcFnts 

) .' 

I 

D u r i n g  o b s e r v a t i o n  a n d  g r a d i n g ,  t h e  c h i c k e s s  were removed from 
t h e i r  e n c l o s u r e  a n d  p l a c e d  on a r u b b e r  m a t  t o  p r o v i d e  sure foot- 

n i n g .  Symptoms of t e s t  h e n s  n o t e d  d u r i n g  t h e  o b s e r v a t i o n  p e r i o d  , 
were c o m p a r e d  w i t h  those s e e n  i n  t h e  TOCP t reated h e n s .  

A l l  t e s t  a n d  c o n t r o l  h e n s  were e x a m i n e d  f o r  gross  p a t h o l o g y  
a t  dc,l . th.  L o n g i t u d i n a l  a n d  cross  s e c t i o n s  of t h e  so! la1 c o r d '  
( c e r v i c a l ,  l umbar ,  a n d  t h o r a c i c , r e g i o n s )  a n d  a s e c t i o n  of, t h e  
s c i a t i c  n e r v e  were s a m p l e d  from r e p r e s e n t a t i v e  h e n s  from each 
g r o u p  for h i s t o p a t h o l o g y  e x a m i c a t i o n .  

14.5 
I 



Results  
, 

N e u r o t o x i c  s i g n s  were ' o b s e r v e d  i n  n e a r l y  a l l  h e n s  t h a t  re- 
c e i v e d  TOCP. The  c o r n  o i l  c o n t r o l  group showed n o  s i g n s  of ne;i- 
r o t o x i c i ' t y .  
1 week, v e i t h e r  showing n e u r o t r , x i c  symptoms F r i o r  t o  d e a t h .  O f  
t h e  r e m a i n i n g  CTFE h e n s ,  n s n e  showed a n y  n e u r o t o x i c  s i g n s  d u r i n g  
t h e  30 d a y  p e r i o d .  

Two of 4 h e n s  d o s e d  a t  5 mL/kg w i t h  CTFE d i e d  w i t h i n  

S a m p l e s  of t h e  spinal cord  a n d  s c i a t i c  n e r v e  were removed 
f r o m  r e p r e s e n t a t i v e  h e n s  o f  e a c h , g r o u p .  
t h e  h i s t o p a t h o l o g i c  e x a m i n a t i o n  of t h e  n e r v e  t i s s u e  are  n o t  y e t  
a v a i i a b l e ,  there  were n o  S i g n s  or symptoms i n d i c a t i n g  t h a t  CTFE ' 

,has' n e u r o t o x i c  p o t e n t i a l .  

A l t h o u g h  t h e  results of 

.THE INVESTIGATION OF THE ABSORPTION, AND YETABOIJSU OF) 
CBLOROTRIFLUOROETEYLENE OLIGOLIER (W.,O 83-322) IN MALE RATS 

AFTER ORAL, AND INHALATION EXI'0SlJRB 

' C h l o r o t r i f  l u o r o e t h y l e n e  (CTFE) oligomer i s  a n  i n e r t  n o n f  lam- 
mable c h l o r o f l u o r o c a r b o n , o i l .  I t '  i s  n o n c o r r o s i v e ,  s a t u r a t e d ,  a n d  
h y d r o g e n  f ree .  I t  a l s o  h a s  h i g h  t h e r m a l  s t a b i l i t y ,  g o o d , l u b r i c -  
i t y ,  a n d  h i g h  d i e l e c t r i c  s t r e n g t h .  R e c e n t  tests w i t h  CTFE i n d i -  
ca te  t h a t  i t  h a s  a low d e g r e e  of t o x i c i t y .  There were n o  d e a t h s  , 

among male a n d  f e m a l e  r a b b i t s  e x p o s e d  t o  2 g CTFEjkg body w e i g h t  
( G a r . g u s ,  1983). F u r t h e r m r e ,  there w e r e ! n o  d e a t h s  among male a n d  , .  , 

female r a t s  e x p o s e d  t o  a t m o s p h e r e s  c o n t a i n i n g  s a t ' u r a t e d  vapor 
c o n c e n t r a t i o n s  of CTFE for a 4-hour per iod  ( C o a t e ,  1984) .  CTFE ' 

, 

d i d  n o t  show n e u r o t o x i c  b o t e n t i a l  i n  a d u l t  h e n s .  I .  

T h e r e .  i s  a , p o s s i b i l i t y  t h a t  f . r e e  f l u o r i d e s  may be r e l e a s e d  
d u r i n g  t h e  i n  v i v o  metabolism of CTFE. The i n g e s t i o n  of ' f l u o -  
rides h a s  b e e n  s h o w n . t o  r e s u l t  i n  v o m i t i n g ,  a b d o m i n a l  p a i n ,  d i r t r - '  
rhea, c o n v u l s i o n s ,  etc. ( P a t t y ,  1981),. C o n t i n u o u s  e x p o s u r e  t o  
f l u o r i d e s  a l so  r e s u l t s  i n  e f f e c t s  on  bone and  t e e t h .  
i t  was c o n s i d e r e d  t o  b e  of i n t e r e s t  t o  d e t e r & n e ' i f  CTFE e x p o s u r e  
c o u l d  r e s u l t  i n  m e t a b o l i ' s m  t o  f ree  f l u o r i d e s . '  
d e s i g n e d  t o , d e t e r m i n e  i f  CTFE i s  a b s o r b e d  and, if  so, w h e t h e r  i t  
i s  metabol ized. .  

T h e r e f o r e  

T h i s  s t u d y '  was 

I 

Materials acd Methods 
, 

T h e  CTFE was s u p p l i e d  by t h e  U. S. A i ?  F o r c e .  One a d d i t i v e  
p r e s e n t  i s  1.0% of an a n t i - r u s t  a d d i t i v e ,  n e u t r a l  b a r i u m  d i n o n -  
y l n a p h t h a l e n e  s u l f o n a t e .  T h l s  compound i s  p r e s e n t  i n  many r u s t  
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' F l u o r i d e  i o n  c o n c e n t r a t i o n  i n  u r i n e  a n d  lasma was m e a s u r e d  
u s i n g  a f l u o r i d e  i o n  s p e c i f i c  e lec t rode .  The u r i n e  f l u o r i d e  i o n  
d e t e r m i n a t i o n s  were made u s i n g  t h e  m e t h o d  o f  N e e f c s  e t  a l .  (1970)  
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I .  

i n h i b i t o r  f l u i d s .  , T h e  s e c o n d  a d d i t i v e  is 0.05% of a p r o p r i e t a r y  
, a n t i - w e a r  a d d i t i v e  ( C o m p o s i t i o n  u n k n o w n ) .  

Oral - CTFE was a d m i n i s t e r e d  d i s s o l v e d  i n  c o r n  o i l ,  . u s i n g  
g lass  s y r i n g e s  e q u i p p e d  w i t h  . b a l l  t i p p e d  o r a l  d o s i n g  ' n e e d l e s , .  A 
d o s e  volume o f  1.0 mL/100 g r a m s  of body, w e i g h t  was u s e d .  . Test 
at? iinals were m a l ?  Sprague-Dawley  r a t s  w e i g h i n g  200-300 g r a m s .  

- 

I .  

For t h e  f l u o r i d e  d e t e r m i n a t i o n s  a g r o u p  of 10 male r a t s  was 

' v i a  t ,he  , o r b i t a l . s , i n u s ,  a t  4 h - o u r s  p o s t t r e a t m e n t  a n d  t h e  r e m a i n i n g  

" o r a l l y  a d m i n , i s t $ r e d  CTFE a t  5.0 mL/kg. 

5 anidals  8w?fet'bLe.d a t  24  h ' o u r s  p o s t t r e a t m e n t .  A t  48 h o u r s  p p s t -  
t r e a t m e n t  t h e  g r o u p  b l e d  a t  '4 h o u r s  was a g a i n  'b led.  A f o u r t h  
b l e e d i n g  was, c o n d u c t e d  a t l ,  1-week pos t t rea tment .  A l l  10 r a t s  were 
h e l d  i n  m e t a b o l i s m , c a g e s  for t h e  f irst  24  hours  P o s t t r e a t m e n t  f o r  
u r i n e  c o l l e c t i o n  gnd  a n a l y s i s , .  
were c o l ' l e c t e d  a t  d a y s  8 a n d  1 6 , p o s t t r e a t p e n t .  T h e  same bas ic  
p r o c e d u r e  w a s  r e p e a t e d  u s i n g . , l a  f r e s h ' g r o u p  of ra ts  f o r  t h e  CTFE 

A s e p a r a t e  g r o u p  of' 10 ra t s  was m a i n t a i n e d  a n d  
b l e d  a t  t h e  s a m e ' i n t e r v a l s  t o  serve as a c o n t r o l  g r o u p  for b o t h  

F i v e  a n i m a l s  were b l e d  

' . 

I 

l 

A d d i t i o n a l  24-h'01&r u r i n e  sa'mples 

, 
' - d e t e r m i n a t i o n s .  

' I  t h e  CTFE a n d  f l u o r i d e ;  d e t e r m i n a t i o n s .  

I I n h a l a t i o n  - C o n c e n t r a t e d  v a p b r s  of CTFE were g e n e r a t e d  i n  a 
g a s  wash b o t t l e  e q u i p p e d  w i t h  a f r i t t e d  d i s k .  The b o t t l e  c o n -  
t a i n e d  known a m o u n t s  of t h e  t e s t  material. D r i e d  a i r  w a s  b l o w n  
t h r o u g , h  t h e  b o t t l e  a t  a known rate.  T h e  r e s u l t i n g  a i r - v a p o r  
m i x t u r e  was c o n d u c t e d  t o  a 60- l i te r  p l a s t i c  c h a m b e r  wh ich  con- 
tai:ied 10 male, Sprague-Dawley  ra ts .  , T h e  e x p o s u r e  p e r i o d  was 6 
h o u r s .  . A n a l y t i c a l  c o n c e n t r a t i o n s  were, n o t  m e a s u r e d  ; h o w e v e r ,  
estimated c o n c e n t r a t i o n s  were c a l c u l a t e d  by material  b a l a n c e .  
Blood a n d  u r i o e  for  CTFE a n d  f l u o r i d e  i o n  a n a l y s i s  were t o  be 
collected from t h e s e ' a n i m a l s  i n  I the same manner  as  t h a t  u s e d  i n  
t h e  o r a l  e x p o s u r e  p o r t i o n  of t h i s  s t u d y .  A s e p a r a t ?  g r o u p  of 
c o n t r o l  a n i m a l s  w a s  u s e d .  

' ,  
. CTECE Analysis' 

B l o o d '  a n d  u r i n e  was a n a l y z e d  f o r  t h e  p r e s e n c e  o f  'CTFE w i t h  
gas c h r o m a t o g r a p h y  u s i n g  e l e c t r o n  c a p t u r e  d e t e c t i o n .  CTFE i n  
h e x a n e  s e r v e d  a s  a s t a n d a r d .  

Plubride Ion Analysis ' 
I ,  



' which u s e d  a s y n t h e t i c  u r i n e  f o r  s t a n d a r d i z a t i o n  a n d  a b u f f e r  1 

P l a s m a '  f l u o r . i d e  (TISUB) t o ' c o r r e c t  for pH a n d  i o n i c  ' s t r e n g t h .  
i o n  d e t e r m i n a t i o n s  were made u s i n g  a method d , e sc r ibed  by S i n g e r  
a n d  Ophaug (1979) w h i c h  m e a s u r e s  t h e  i o n i c  form d i r e c t l y ,  f o l l o w -  
i n g  d i l u t i o n  i n  a s imple  b u f f e r  s y s t e m .  

Resul ts  

S u m m a r i e s  of t h e  u r i n e  a n d  p l a s m a  f l u ' o r i d e  2 n c e n t r a t i o n s  i 
male rats foL1,owing o r a l  a d m i n i s t r a t , i o n  of CTFE are  p r e s e n t e d  i n  
Tables 70 a n d  71. T h e s e  r e s u l t s  i n d i c a t e  t h a t  CTF,E,was absorbed 
a f t e r  o r a 1 ' d o s i n g " a n d  c o n v e r s i o n ,  t o  free f l u o r i d e '  o q c u r r e a .  The' 
f l u o r i d e  levels were s t i l l  e l e v a t e d  in p l a s r n a . a t  7 d a y s  p o s t -  
a d m i n i s t r a t i o n  and i n  u r i n e  a t  16 d a y s )  p o s t a d m i n i s t r a t i o n .  , 

I 

T A E L ~ '  70, PLASMA FLUORIDE CONCENTRATIONS~ IN MALE RATS 
FOLLOWING ORAL ADMINISTRATION OF CTFE 

F l u o r i d e  Ion Conc. (pg/ mL) 
Dose CTFE Time Postadministration 

, ( m L / k g )  4 '  hrs 24 hrs 48 h r s  7 D a y s  

0 0.10 2 O.OO~(S) 0.10 5 o.oos(5) 0.11 2 o.004(5) 0.10 ,+ o.ooi(io) 
5 0.39 2 0.02(5) 0.39 2 O . O l ( 5 )  ' 0.23 2 0.004(5) 0.20 2 0.002(16) 

Mean t SE (N). 

TA&E 71. URINARY FLUORIDE CONCENTRATIONS~ IN MALE RATS 
FOLLOWING ORAL ADMINISTRATION OF CTFE 

F l u o r i d e  Ion C o n c e n t r a t i o n  ( v g /  2 4  h r s )  
Dose CTFE Days Post  a d m i n i s t r a t i o n  

(mL/kg 1 1 a 16 

0 22 f 1 (10) I 19 f 1 (5) 20 f . ' l  (5) 
5 526 5 14 (10) 146 2 4 (5) ' 9 2 . 2  5 ( 5 )  

a Mea'n ' 2  S E  (N) ..\ 

S u m m a r i e s  of t h e  CTFE c o n c e n t r a t i o n s  i n  blood a n d  u r i n e  
- 9 l l o w i n g  o r a l  a d m i n i s t r a t i o n s  a r e  p r e s e n t e d  i n  Tables  7 2  a n d  
73.  CTFE was absgrbed  a f t e r  ora l  a d m i n i s t r a t i o n .  The  b lood  CTFE 
c o n c e n t r a t i o n s  peaked a t  4 8  hours, fol lowed by a decline a t  1 a n d  
2 weeks, U r i n e  dTFE l e v e l s  d e m o n s t r a t e d  t h e  same general t r e n d s .  
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TABLE 72. BLOOD CTFE L E V E L S ~  I N  M A L E  RATS, FOLLOWING 
ORAL ADMZNISTKATION 

a .  C T F E  (mg/mL) 
Dose C T F E  Time Postadministratian 

2 W e e k s  ( m L / k g )  , 4 h r s  24 h r s  4 8  hrs. 1 Week 

' 5  29.4 2 0 . 6 ( 5 )  28.0 2 2.8 ' (5 )  ' 4 5 . 8  5 6 . 6 ( 5 )  3:7 5 0.2(5) 1.5 2 0.2(5) 
, I  1 %  

a Mean 5 S E  (N). 

TABCE'73.aiURINARY CTFE LEVET,Sa, I N  MALE RATS FOLLOWING I , I  

ORAL ADMINISTRATION 

. .  
CTFE ( p g / 2 4  h o u r s )  

D a y s  P o s t  a d m i n i s t r a t i o n  
(mL/kg)  1 "  7 '  14 

. Dose C.TFE 
. -  

' .  

5 2600 f IO0 ( 4 )  24 5 3 ( 5 j  2 2 0 . 4  ( 5 )  , 

', Mean +, S E  ( N ) .  

D u r i n g  t h e  f i r s t  24-hour  p e r i o d  t h e  u r i n a r y  o u t p ; u t  was 2 . 6  mg 
CTFE a n d  d e c l i n e d  a t  1 a n d  2 w e e k s  p o s t d o s i n g .  4 ,  

* I  

A l t h o u g h  # t h e r e  & r e  n o t  many d a t a  p o i n t s  f o r  plasma f l u o r i d e "  
, c o n c e n t r a t i n , n ,  t h e  p o i : ~ t s  CZ'R 54 fitt$d t o  a f i r s t  o r d e r  e l i m i n - '  

a t i o n , p r o c e s s  w i t i i  a half-life of a p p r o x i m a t e l y  3 days.  

k i n e t i c s ,  ' a g a i n  w i t h  a n  a p p r o x i m a t e  3 d a y  h a l f - l i f e .  

, P l a s m a  
. CTFE c o n c e n t r a t i o n s  a p p e a r  t o  fo,llow simile? e l i m i n a t i o n  . .  

1 I .  , 
' The u r i n e  and plasma f l u o r l d e ' c o n c e n t r a t i o n s  o f  male r a t s  

f o l l o w i n g  a ' 6 - h o u r  CTFE s a t u r a t e d  v a p o r  e x p o s u r e  a re  s u m m a r i z e d  
i n  T a b l e  74.  A l l  10 male rats i n , t h i s  e x p o s u r e  g r o u p  (CTvE 

i t y  o f  t h e ' e x p o s e d  r a t s  o n l y  t h e  f i r s t  u r i n e  c o l l e c t i o n  a n d  t h e  
f i r s t  2 b l e e d i n g s  were c o n d u c t e d .  T h e r e  were i n c r ' e a s e d  f l u o r i d e  1 

c o n c e n t r a t i o n s  i n  b o t h  u r i n e  a n d  b l o o d .  T h e s e  increases  werel 
much smaller f o l l o w i n g  i n h a l a t i o n ,  e x p o s u r e  t h a n i  o r a l  e x p o s u r e .  
T h e  cause o f  d e a t h  among t h e  e x p o s z d  a n i m a l s  a p p e a r e d  t o  be y u l -  
monary  edema,  p o s s i b l y  i n d u c e d  b y  an ae roso l .  T o  ( i n v e s t i g a t e  ' t h e '  
p o s s i b i l i t y  of aerosol  f o r m a t i o n ,  a d d i t i o n a l  i n h a l a t i o n  e x p o s u r e s  
were c o n d u c t e d  u s i n g  v a r i o u s  f i l t e r s ,  i n  t h e  g e n e r a t i o n  s y s t e m  .c' 
a p a r t i c l e  c o u n t e r  to s a m p l e  t h e  chamber a t m o s p h e r e .  T h e  r e s u l t s  
o f  t h e s e  t r i a l s  a re  s u m m a r i z e d  i n  Table.75. I n  t h e s e  r e p e a t '  
t r i a l s ;  a n i m a l  m o r t a l i t y  d i d  n o t  e x h i b i ' t  a c o n s i s t e n t  c o r r e l a t i o n  

- 2.77 mg/L) d i e d m w i t h i n  3 d a y s . a f t e r  e x p o s u r e .  Due tt m o r c k l -  I 
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TABLE; 74. U R I N A R Y  A N D  PLASMA FLUORIDE  CONCENTRATION^ OF 

MALE R A T S  FOLLOWING 6-HOUR SATURATED VAPOR GXPOSURE TO CTFE 
I *  

P l a s m a  C o n c .  (mg/L) U r i  n i  r y  coo c . 
- E s t i m a t e d  CTFE Time Postexposure (mg/24 h o u r )  
, Conc. ( rng/L)  Zmmed I a t e 24  Hours at 2 4  H o u r s  8 M o r t a l i t y  

o /  10, , I  0 0.11 f 0.002(5) 0.12 2 O.005(5) 17.9 * 0.5(5) 
2.77 0.33 f 0.037(5) 0.15 2 0.007(5) , 55.7 k 1.8(5) 10/ 10 

/I 
1 .  

a,Mean f SE (N). 

t 1 ,  , I  ..I 1 ,  
I ' I  I I ,  

TABLE 75 .  SUMMARY'OF CTFE SATURATED VAPOR EXPOSURES TO ' 

MALE SPRAGUE-DAWLEY RATS I 

E x p o s u r e  , , Nominal  
" D u r a t i o n  Conc.  Mortal i ty  , 

E x p o s u r e  ( H o u r )  ' F i l t e r  (mg/L)' , (No. Dead/No. 1 E x p o s e d )  
I 

* I  

' 1  6 , None 2.78 10/10 
2. 4 I Glass Wool , - -  2 / 5  
3 8 6  , B a l s t o n  2.86' 414' 
4 6 B a l s t o n  3.51 1/5 ' 

, 5  6 B a l s t o n  2.,4aa 0 / 5  

a Matarial from E x p o s u r e  4 was r e u s e d  for t h i s  exposu're.  

w i t h  the p r e s e n c e  01' a b s e n c e  oi an aerosol ,  id3icat.i-:!g t h a t  aero- 
sol was R o t  i e c e s s a r y  f o r  l e t h a l i t y .  

. . ,  

=5 A d d i t i o n a l  i n h a l a t i o n  e x p o s u r e s  are p l a n n e d .  CTFE a n d '  f l u o -  
r i d e  ion c o n c e n t r a t i o n s  i n  blood a n d  u r i n e  w i l l  f . lsc be r n o n i t o r e ?  

$ 1  
1 I --n ra+s f o l l o w i n g  dermal. e x p o s u r e .  ' The r e s , u l t s  of t h e s e  expo- 

, s u r e s  w i l l  b e  p r e s e , n t e d  in a f u , t u r e  a n n u a l  r e p o r t .  
I I .  s 

, I  

SENSITIZING POTENTIAL OF NAVY HYDRAULIC PLUID PLURASAFE YC200 

The THRU h a s  e x a m i n e d  samples of several  Navy h y d r a u l i c  
f l u i d s  t o  e v a 1 u a t e . t h e i . r  i r r i t a t i o n  and s e n s i t i z a t i o n  p o t e n t i a l s .  
One of t ; o s e  w h i c h  was p r e v i o u s l y  e x a m i n e d  was a n  e t h y l e n e  g l y c o l  
base f i u i d  d e s i g n a t e d  WGF-BOOD, p r o d u c e d  by W y a n d o t t e  Corpora- 
t i o n , ,  F a r s i p p a n y ,  N e w  J e r s e y .  The' h y d r a u l i c  f l u i d  WGF-2OOD 

, c a u s e d  n o  e y e  or skin i r r i t a t i o n  b u t  d i d  p r o d u c e  h i g h  r e a c t i o n  
scores i n  t h e  g u i n e a  p i g s  a n d  was c l a s s i f i e d  as a s e n s i t i z e r .  

* ,  
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, ,  . ,  1 .  
. ,  

. .  

, I  

T h e , h y d r a u l i c  f l u i d  h a s ' b e e n  r e f o r m u l a t e d  t o  meet MIL SPEC 
, 2 2 0 7 2 5 ,  a n d  i s  now d e s i g n a t e d  P l u r a s a f e  MC200. 

, I  

P l u r a s a f e  MC200, p r o d u c e d  b y  BASP W y a n d c t t e  C o r p o r a t i o n  i s  . .  
a n  e t h y l e n e  g l y c o l  b a s e  f l u i d .  
N a v a l  Medical Researcii I n s t i t u t e / T o x i c o l o g y  , D e t a c h m e n t ,  W r i g h t -  
P a t t e r s o n  A i r  F o r c e  Base, b a y t o n ,  O h i o  a n d  h a s  a n  NhtRI/TD d e s i g -  
n s t i o n  ~f 'W4i75. 

The f l ? l k a  was s u p p l i e d  by t h e  

I 

S i n c e  t h e  e:::tot c o m p o s i  t i o n  cf P l u r a s a f e  'MC200 i s  ,unknown, 
there  was some c o n c e r i ;  , t h a t  i t  %tea, may be a s e n s i t i z e r .  The 
p u r p o s e  o f  t h i s ' s t u d y  +as  tc d s t e t m i n e  i f  ' P l u r a s a f e  MC200 was 
c e p a b l e  of s e n s i t i z i n g  g u i n e a  p i g s .  

Ten male. a l b i n o  g u i m e a  ' p i g s ,  H a r t l e y  s t r a i n ,  ,6 t.0' 8 weeks.  of 
a g e ,  ,were u s e d  f o r  s e n s i t i z a t i o n  t e s t i n g .  
t e s t ed  for p r i m a r y  i r r i t a t i o n  ci:i 3 g u i n e a  p i g s  by a p p l i c a t i o n  t o  
t h c c l i p p e d  f l a n k .  O b s e r v a t i o n  w a s  made a t  2 4  h o u r s  f o r  s i . g n s  o f  
i r r i t a t i o n .  NO ery t ,hema or edema was p r o d u c e d  P r o m  t , h i s  a p p l i c a -  
t i o n  a n d  , c Q n s e q u e n t l y ,  t h e  s e n s i t i z a t i o n  t e s t  was, c o n d u c t e d  ' u s i n g  
u n d i l u t e d  h y d r a u l i c  f l u i d .  

The f l u i d  was , f i r s t  
I 

I 

An area on t h e  back of e a c h  a n i m a l  d i r e c t l y  a b o v e  t h e  fore-  
legs was c l i p p e d  w i t h  e l e c t r i c  c l ippers  and  c h e m i c a l l y  d e p i l a t e d  * 

w i t h  a, commercial , d e p i l a t o r y  o n  t h e  m o r n i n g o o f  t h e  f i r s t  i n s u l t ,  
e x p o s u r e .  ' The h y d r a u l i c  f l u i d ,  0.1 mL a t  e a c h  a p p l i c a t i o n ,  'was 
a p p l i e d ,  t o  t h i s  area on ,a '1 /2  x 1 / 2 "  c o t t o n  g a u z e  s q u a r e ,  c o v e r e d  
, w i t h  p l a s t i c  w r a p  a n d  h e l d  i n  place w i t h  A d h e s i v e  t a p e . !  The 
f i r s t  i n s u l t  p a t c h  was allowed , t r , . r e m a i n  i n  p lace  f'or 2 d a y s , #  
t h e n  r e m o v e d ,  a n d  a s e c o n d  a p p l i c a t L o n  of 0..1 mL1was made.. Two' 
d a y s  l a t e r ,  . t h i S , p a t c h  was r e m o v e d ,  a t o t a l  of 0.2 mL of a 50% 
a q u e o u s  d i l u t i o n  o f  F r e u n d ' s 1  a d j u v a n t  pe r  a n i m a l  w a s  i n j e c . t e d  
i n t r a d e r m a l l y ,  u s i n g  3 p o i n t s  a d j a c e n t  t o  t h e  i n s u l t  s i t e , , t h e n  a '  
new p a t c h  of '0.1 mL of t h e  t e s t  material w a s ' a p p l i e d .  
t h i r d  d a y  a f t e r  t h i s  a p p l i c a t i o n ,  t h e  p a t c h  was , removed a n d  a n e w  
p a t c h  o f  0 . 1  mL of t&e materia,l a p p l i e d .  
removed 2 d a y s  l a t e r ,  a n d  t h e ' a n i m a l s  were a l l o w e d  t o . - r e s t  f o r  L , 

w e e k s .  Each tirtte t h e  i n s u l t  patches,  were r e m o v e d ,  t h e  c o n d i t f o n  
o f  t h e  s k i n  a t  t h e  a p p l i c a t i o n  s i t e  was e v a . l u a t e d  a n d  recorded.  ' 

When t h e  l a s t  p a t c h  w a s  removed', t h e  toes  o f  t h ' e  h i n d  f e e t , o f  , 

each a n i m a l  were t a p e d . t o  p r e v e n t  t h e  a n i m a l  f r o m i s c r a t c h i n g  t h e  
i r r i t a t e d  a r e a . ,  

b n  t h e  , 

?he l a s t  p a t c h , y % s  
. I .  

I 

Bacto A d j u v a n t  Complete, F r e u n d ,  Difco Laboratories,  D e t r o i t ,  
M i c h i g a n .  
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After t h e  2-week r e s t  p e r i o d ,  t h e  f l a n k $  of t h e  animals  were 
c l i p p e d  a n d  c h a l l e n g e d  w i t h  t h e  t e s t  s o l u t i o n .  The c h a l l e n g e  
a p p l i c a t i o n s  were not o c c l u d e d .  T h e  s k i n  r e s p o n s e s  a t  t h e s e  
s i tes were o b s e r v e d  a n d  r e c o r d e d  a t  2 4  a n d  4 8  h o u r s  a f t e r  a p p l i -  
c a t i o n .  Any a n i m a l  s h o w i n g  m e a s u r e a b l e  e r y t h e m a  a n d / o r  edema a t  
t h e  tes t  s o l u t i o n  c h a l l e n g e  s i t e  was r a t e d  as  a p o s i t i v e  
r e s p o n d e r .  

One of 10 g u i n e a  p i g s  r e s p o n d e d  t o  t h e  c h a l l e n g e  dose of 
0.1 mL P l u r a - a f e  MmOO and had a m i l d  e r y t h e m a t o u s  r e a c t i o n  at 2 4  
h o u r s  w h i c h  increased i n  s e v e r i t y  a t  48  h o u r s .  The  o t h e r  9 ' 
g u i n e a  p ' igs s h o w e d ,  a n e g a t i v e  r e s p o n s e  t o  t h e ,  c h a l l e n g e  d o s e  of 
t h e  $ h y d r a u l i c  f l u i d .  

. ,  

One week ' l a t e r  t h e  r e s p o n d i n g  g u i d e a  p i g '  a n d  2 o t h e r s  w h i c h  
showed n o  r e s p o n s e . t o  t h e  i n i t i a l  c h a l l e n g e  were g i v e n  a n  a d d i - '  
t i o n a l  c h a l l e n g e  dose o f ' O . l  mL of t h e  P l u r a s a f e  MC200. T h e  
r e a c t i o n  of each of t h e  3 g u i n e a  p i g s  w a s  s imi la r  t o  t h i s  f i r s t  
c h a l l e n g e  r e a c t i o n ;  ' h o w e v e r ,  t h e  r e s p o n s e  o f  t h e  s e n s i t i z e d  
a.nima1 was more s e v e r e ,  , s h o w i n g  a m o d e r a t e  e r y t f i e r n a t o u s  r e s p o n s e '  
a t  2 4  h o u r s  w h i c h  p r o g r e s s e d  t o  a s t r o n g '  r e s p o n s e  by 4 8 ' h o u r s .  
'The 2 n o n s e n s i t i z e d , g u i n e a  pSgs showed n o  r e s p o n s e  t o  t h e  a d -  
d i t i o n a l  c h a l l e n g e  dose 'at e i ther  24 ,or 4 8  h o u r s .  

The  r e s p o n s e  of t h e  o n e  g u i n e a  p i g  is a d e f i n i t e  s e n s i t i z a -  
t i o n  r e s p o n s e .  T h i s  r e s p o n s e  of 1 g u i n e a  p i g  i n  10 is n o t  n e a r l y  
as dramatic a s  was seen w i t h  t h e  h y d r a u l i c  f l u i d  WGF-200D whi:re 
78 a n d  100% of t h e  g u i n e a  p i g s ' r e s p o n d e d  t o  t h e  two samples 
t e s t e d  '(MacEwen a n d  V e r n o t ,  1'980). 
t h a t  P l u r a s a f e  MC200 c o u l d  p r e s e n t  a problem t o  i n d i v i d u a l s  pi's- 
v i o u s l y  s e n s i t i z e d  t o  s imi la r  h y d r a u l i c  f l u i d s  o r  who a re  a f i l G r g y  
p r o n e .  , 

However, i t  does i n d i c . a t e  

I 

$ 1  

EVALUATIOR~OP THE ACUTE TOXICITY OF A CYCLoTRIPHOSPHAZ$HE 
BASBD HYDRAULIC PLU ID 

INTRODUCTION ,, 
1, 

The . T o x i c o l o g y  D e t a c h m e n t  of t h e  N a v a l  Medice!, Research 
I n s t i t u t e  (NMRI/TD) r e q u e s t e d  t h a t  t h e  Toxic H a z a r d s  Research 
U n i t  ( T H R U )  d e t e r m i n e  t h e  a c u t e  t o x i c i t y  of a c y c l o t r i p h o s p h a z e n e  
based  h y d r a u l i c  f l u i d .  The  Navy i s  d e v e l o p i n g ,  c a n d i d a t e  h y d r a u -  
l i c  f l u i d s  w i t ' !  chemical s t r u c t u r e s  of c y c l o t r i p h o s p h a z e n e  c y c l i c  
esters.  The  c a n d i d a t e  fluid of c u l ; r e n t  i n t e r e s t  c o n t a i n s  0.1% o f  
t o l y l t r i a z o l e  as  a c o p p e r  corrosion i n h i b i t o r .  
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No t o x i c i t y  d a t a  o t h e r  t h a n ' a n  o r a l  LD50 g r e a t e r  t h a n  5 g / k g  
were a v a i l a b l e  on t h e  c y c l o t r i p h o s p h a z e n e  es te r ;  h o w e v e r ,  i o f o r -  
m a t i o n  on r e l a t e d  compounds i n d i c a t e s  a l o w  order o €  t o ~ i ~ ~ t y .  
The a d d i t i v e ,  t o l y l t r i a z o l e ,  i s  c o n s i d e r e d  t h e  most t o x i c  o f  t h e  
t w o  compounds w i t h  a n  o r a l  LDso o f  675, rng/kg ( H H C K ,  1 9 7 2 ) .  S i 'nce  
t o l y l t r i a z o l e  i s  p r e s e n t  a t  o n l y  0.1% i t  i s  d o u b t f u l  t h a t  t h i s  
amount  would i n c r e a s e  t h e  t o x i c i t y  of t h e  h y d r a u l i c  f l u i d  

, s i g n i f i c a n t l y  . 

lkATBRIALS AND METHODS 
P I ,  I , ,  

T e s t  Material , 

T h e  h y d r a u l i c  f l u i d  i s  a c y c l o t r i p h o s p h a z e n e  c y c l i c  ester. ' 

c o n t a i n i n g  0.1% t o l y l t r i a z o l e .  The  f l u i d  w a s  s u p p l i e d  by  
NMRI/TD, W r i g h t - P a t t e r s o n  A i r  For;;e Base, O h i o .  P e r t i n e n t  d a t a  
on c o m p o n e n t s :  

C y c l o t r i p h o s p h a z e n e  ester: .  
NMRI/TD No. 4341-1  
V a p o r  P r e s s u r e ,  mm Hg 65OC:  0.49 

14'9°C: 1 2 . 0  

To 1 y l  t r i azole : C 7  H7 N 3 

Synonyms , M e t h y l b e n z b t r i a z o l e  
CAS No. 29385-43-1 , I 

' 1 , 2 , 3 - T r i a z a l e  ( n l e t h y l p h e n y l )  
I 

L 

-Animals 
8 .  

F i s c h e r  344 ' r a t s  ( C D F [ F 3 4 4 J / C r l p R )  p u r c h a s e d , f r o m  C h a r l e s  
8 I -  $ R i v e r  Breeding  Laboratories were u s e d  i n  t h e  a c u , t e  oral, t o x i c i t y  

*: t e s t .  N e w  Z e a l a n d  W h i t e  r a b b i t s  o b t a i n e d  f r o m  Clerco R e s e a r c h  
& Farms were, u s e d  i n  t h e  , d e r m a l '  a n d  t r r i t a t i o n  s t u d . i e s , ' . .  a n d ,  H a r t l e y  
t' , A l b i n o  g u i n e a  p i g s  p u r c h a s e d  from Murphy B r e e d i n g  Labs  were u s e d  
.' _, f o r  s e n s i t i z a t i o n  t e s t i n g .  A l l  a n i m a l s  u s e d  i n  t h i s  s t u d y  were,, 

:-- I 

I .-- < 

L' 

*: male. 1 ,  
I ,  .-* 

.' ,-  A ,  

Oral I) 

1:. 

I.*. ..- 
. .-- 

I.. 

r- 

I .. 
s i o n  
f o r m  
u s e d  I 'b 2 - , 

Toxicity 

' 8  . 

,The h y d r a u l i c  f l u i d  w a s  s u s p e n d e d  i n  c o r n  oil. The suspen- 
was k e p t  i n  a t u r b u l e n t  s t a t e  w i t h  a m a g n e t i c  s t i r r i n g  p l a t -  ' 

w h i l e  i n  u s e .  Glass  syringes w i t h  o r a l  d o s i n g  n e e d l e s  were 
t o  admin i s t e r  t h e  . f l u i d  t o  t h e  rats. '  A n i m a l s  were f a s t e d  
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for a t  l e a s t  16 h o u r s  p r i o r , t o  t h e  a d m i n i s t r a t i o n  of t h e  oral 
' d o s e .  The d o s e  v o l u m e  f o r  t h e  r a t s  was 0.01 mL/g body w e i g h t ,  

w i t h  t h e  r a t s  being w e i g h e d  i n d i v i d u a l l y  a t  t h e  t i m e  of d o s i n g .  

An i n i t i a l  d o s e ,  o f  5 g / k g .  was g i v e n  t.0 a g r o u p  of 5 male 
r a t s .  I f  no d e a t h s  o c c u r r e d  a t  t h i s  l e v e l  n o  a d d i t i o n a l ' o r a l  ' I 

d o s i n g  was p l z n n e d .  If' d e a t h s  & c u r r e d  a t  5 g / k g ,  a d d i t i o n a l  I 

d o s i n g  was p r o j e c t e d  to d e t e r m i n e  an L D s o .  G e o m e t r i c a l l y  s p a c e d  
d o s e - s  would b e  a d r n i n i s ' t e r e d  a n d  t h e  LDso c a l c u l a t e d  by t h e  moving  

14 d a y s  i m m e d i a t e l y  f o l l o w i n g  t h e  a d m i n i s t r a t i o c  o f ,  t h e  s i n g l e  
do ' se  would  $ b e  i n c l u d e d  i n  t h e  f i n * a i  m o r t a l i t y  t a l l y , .  S u r v i v i n g  a 

r a t s  were w e i g h e d  a t  1 ,  2, 4 ,  7 ,  10, a n d  1 4  d a y s  p o s t e x p o s u r e  a n d  
k i l l e d  on t h e  1 4 t h  d a y  y o s t e x p o s u r e .  Symptoms were r e c o r d e d . o n  
s y m p t o m  t o l o . g y  fo rnis . 

I a v e r a g e ,  m e t h o d  of V e i ?  (1952) .  D e a t k s  t h a t  o c c u r r e d  d u r i n g  t h - e  

D e r m a l  T o x i c i t y  
. .  

Male a l b i n o  N e w  ' Z e a l a n d  r a b b . i t s  w e i g h i n g  ' b e t w e e n  2 a n d  3 
k i l o g r a m s  were u s e d .  , A l l  r a b b i t s  w e T e  c l i p p e d  as  c l o s e l y  a s  
p o s s i b l e  w i t h  a n  O s t e r @  c l i p p e r  e q u i p p e d  w i t h  s u r g i c a l  b l a d z s  a n d  
a vacuum a t t a c h m e n t .  , 

1 

T h e  a n i m a l s  were i n d i v i d u a l l y  w e i g h e d  p r io r  t o  d o s i n g  t o  
' d e t e r m i n e  t h e  p r o p e r , d o s e  volume.  The p r o p e r  v o l u m e  of t h e  l i q - '  

. u i d  material  was a p p l i e d  u n d i l u t e d  t o  t h e  b a c k  of t h e \ r a b b i t  a n d  
' d L v i d e d  a s  e q u a l l y  a s  p o s s i b l e  between,  t h e  2 s i d e s .  The d o s e  was 
kept i n  p l a c e  by a p p l y i n g  5 - p l y  g a u z e  p a t c h e s , o v e r  t h e  l i q u i d  o n  

a p p l ' i e d  over  t h e  c l i p p e d  b a c k  a r e a ' a n d  e l a s t o p l a s t  t ape  u s e d  t o  ' 

wrap, t h e  e n t i r e  midsection 03 t h e  r a b b i t .  S p e c i a l l y  , d e s i g n e d  ' 
, r a b b i t  r e s t r a i n i n g  h a r n e s s e s  were f i t t e d  t o  e a c h  r a b b i t  a t  t h e  

i.- t i m e  of d o s i n g  a n d  k e p t  i h  p l ace  d u r i n g  t G e  d o s i n g  p e r i o d ,  
I h a r n e s s e s  p r e v e n t  e x c e s s i v e  movement .of t h e  r a b b i t s  a n d  p r e v e n t  

ch,ewing o n  t h e  '.&ped area w h i l e  a l l o w i n g  t h e  r a b b i t  access  .to 
food a n d  water d u r i n g  t h e  d o s i n g  p e r i o d .  

. e a c h  s i d e  of t h e  b a c k .  A p a t c h ' o f  c lear  p l a s t i c  w r a p  w a s  t h e n  

, 

These 

I 1  I (  

A l l  doses' were k e p t  i n  c o n t a c t  w i t h  t h e  r a b b i t  S k i n  for 2 4  
hours. A f t e r  24 h o u r , s ,  t h e  t a p e ,  p l a s t i c  wrap, a n d  g a u z e  were 
removed a n d '  t h e  h a r n e s s e s  t a k e n  o f f .  

' ,  i n  i n d i v i d u a l  c a g e s  p o s t e x p a s u r e  a n d  o b s e r v e d  f o r  m o r t a l i t y  or 
o t h e r  s i g n s  c f  t o x i c i t y  during t h e  '14 d a y s  i m m e d i a t e l y  f o l l o w i n g '  
e x p o s u r e .  

The  r a b b i t s .  were m a i n t a i n e d  ' 



i 

'The a n i m a l s '  were o b s e r v e d  f r e q u e n t l y  on ' t h e  d a y  of d o s i n g '  
a n d  twice d a i l y  ( t h e r e a f t e r . '  
tology forms. Body w e i g h t s  were o b t a i n e d . a t  t h e  time of d o s i n g  
a n d " o n  d a y b ,  1 ,  2, 4,' 7, 10, a n d . 1 4  posttrea't4ment. . ,  

Symptoms were r e c o r d e d  on ,sympt,oma- 

T e s t i n g  was i n i t i a t e d  by d o s i n g  5 r a b b i t s  w i t h  2 m L ' o f  t e s t  
m a t e r i a l / k g  of b o d y  w e i g h t .  I f  t h e r e  was p.c G o r t a l i t y  a t  t h i s  
l e v e l  no a d d i t i o n b l  d o s e , l c ' v e l s  were a d m i n i s t e r e d .  I f  m o r t a l i t y  
o c c u r r e d ,  t e s t i n g  would  c o n t i , n u e  w i t h  5 q n l m a l s / d o s e  l e v e l .  LD50 
c a l c u l a t i o n s  w o u l d  b e  made u s i n g  t h e  moving  a v e r a g e  method of ' 
Weil (1952). 

I 

8 ,  I ,  4 0  I 0 ) I  

i 
Skin' Irritation 

, A l l  r a b b i t s  d o s e d  ati:! mL/kg i n  t h e  & c u t e  dermal t o x i c i t y  
s t b d y  w e r e ;  e x a m i n e d  f o r  s ' k i n  i r r i t a t i o n  following 2 4 - h o u r  c o n t a c t  
w i t h  t h e  h y d r a u l i c  f l u i d .  I f  no s k i n  i r r i , t a t i o n  w a s  p r e s e n t , '  no 
f u r t h e r  s k i n  t e s t i n g ' w a s  d o n e .  However, ,if i r r i t a t i o n  was n o t e d  
a t  t h e  2 rnL/kg l e v e l ,  'a s t a n d a r d  s k i n  i r r i : a t i o n  e v a l u a ' t i o n  'was 
p l a n n e d .  

Eye Irritation 

One t e n t h  mL of t h e  Compound w a s  a p p l i e d  t o  1 eye of each of 
9 a l b i n o  r a b b i t s .  The o p p o s i t e  e y e  was u n t r e a t e d  a n d  s e r v e d  a s  a 
c o n t r o l .  ?'he e y e s  of t h e  test  a n i m a l s  were e x a m i n e d  w i t h  f l u o -  
rescein s t a i n  p r io r  t 3  use t o  e n s u r e  a b s e n c e  of l e s i o n s  or i n -  
, j u r y . '  A t o p i c a l  a n e s t h e t i c  ( A l c a i n e ;  P r o p a r a c a i n e  HC1 0.5%) was 
' i n s t i l l e d  i n  t h e  e y e s  o f  a l l  r a b b i t s ,  t r e a t e d  a n d  c o n t r o l ,  asp- 
p r o x i m a t e l y  I 2 m i n u t e s  p r io r  t o  a p p l i c a t i o n  o f  t h e  t es t  s u b s t a n c e .  
The  t r e a t e d  e y e  o f  6 r a b b i t s  r e m a i n e d  unwaslhed w h i l e  t h e  r e m a i n -  
i n g  three r a b b i t s  receibed tes t  mater ia l  a n d  t h e n  h a d  t h e  t r e a t e d  
e y e  f l u s h e d  f o r  1 m i n u t e  w i t h  l u k e w a r m  water s t a r t i n g  n o  s o o n e r  
t h a n  20-30 s e c o n d s  a f t e r  i n s t i l l a t i o n .  
s i g n s  of ey,e i r r i t a t i o n  were made a t  1 ,  2, 3, 4, , "and  7 d a y s  f o l -  
l o w i n g  a p p l i c a t i o n .  I n  case of i n j u r y ,  t h e  a n i m a l s  w o u i d , b e  
scored 3 t i m e s  a week u n t i l  t h e  l e s i o n  s u b s i d e d  or was deemed 
i r r e v e r s i b l e .  S c o r i n g  o f  i r r l t a t i v e  e f f e c t s  was made a c c o r d i n g  
t o  t h e  method of Draize  (1959) i n  w h i c h  cornea ,  i r i s ,  a n d  c o n -  
j u n c t i v a l  e f f e c t s  are  s c o r e d  s e p a r a t e l y .  I n  t h i s  s c o r i n g  s y s t e m ,  
i n j u r i e s  to t h e  c o r n e a  a n d  i r i s  may r e p r e s e n t  as much a s  80S*,of 
t h e  t o t a l  score. C o r n e a  a n d  i r i s  scores are  h e a v i l y  w e i g h t e d  
b e c a u s e  of t h e  e s s e n t i a l  r o l e  of these  t i s s u e s  i n  v i s i o n .  

E x a m i n a t i o n  for gross 
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Ski n S e  n s i t i,za t i o n  

Ten male, ' a l b i n o  g u i n e a  p i g s ,  H a r t l e y  s t r a i n ,  6 t o  8 w e e k s  , 
of a g e ,  were u s e d .  The h y d r a u l i c  f l u i d  was t e s t p d  for primary 
i r r i t a t i o n  on 3 a ' g u i n e a  p i g s  by a p p l i c a t i o n  t o  t h e  c l i p p e d  flank. 

, O b s e r v a t i o n s  were made a t  24  h o u r s  for s i g n s  of i r r i t a t i o n .  , 

' P r i o r '  t o ' t h e  s't.art of t h e  s t u d y ,  a l l  ' test g u i n e a  p i g s  were ' 

c l i p p e d  on t h e  l e f t  f l a n k  to  e v a l u a t e  b a s e l i n e  i r r i t a t i o n  Te- 
s p o n s e .  An a p p l i c a t i o n  of 0.1 mL of t h e  h y d r a u l i c  f l u i d  was 
a p p l i e d  t o  t h e  c l i p p e d  area.  The  a p p l i c a t i o n  was o c c l u d e d  a n d  

. I t  s e s p o n s e s ' w e r e  recbrded a t  24 a n d  48 h o u r s ,  I , , I  , 

A n  area on t h e  back of each a n i m a l - d i r e c t l y  a b o v e  t h e  fore- 
legs was c l b p p e d  w i t h  e l e c t r i c  c l i p p e r s  a n d  c h e m i c a l l y  d e p i l a t e d  I 

I w i t h  a , c o m m e r c i a l  d e p i l a t o , r y  on t h e  m o r n i n $  of t h e  f i r s t  i n s u 1 . t  
e x p o s u r e . '  T e s t  s o l u t i o n s ,  0.1 mL a t  each a p p l i c a t i o n ,  were ap- 

, w i t h  p l a s t i c  w r a p  a n d  h e l d  i n  place w i t h . a d h t . s i v e  t a p e .  The 
f i r s t ' i n s u l t  p a t c h  w a s \ a l l o w e d  t o  remain i n  p l a c e '  for 2 d a y s ,  
t h e n  r e m o v e d ,  a n d  a s e c o n d  a p p l i c a t i o n  of 0.1 mL was made., 

a q u e o u s  d i l u t i o n  of F r e u n d ' s  a d j u v a n t  p e r  a n i m a l  was i n j e c t e d  I 

i n t r a d e r m a l l y ,  u s i n g  2 o r  3 p o i n t s  a d j a c e n t  to. t h e  i n s u l t  s i t e ,  
t h e n  a new p , a t c h  of 0.1 mL of t h e  t es t  material  was a p p l i e d . '  
t h e  t h i r d  day a f t e r  t h i s  A p p l i c a t i o n ,  t h e  p a t c h  was, r e m o v e d  a n d  a ' 

removed 2 d a y s  l a t e r ,  a n d  , t h e  a n i m a l s  were allowed' t o  res.t for 2 
weeks.  Each t i n e ,  t h e  insult p a t c h e s  were r e m o v e d ,  t h e  c o n d i t i o n  
of t h e  s k i n  a t  t h e  a p p l i c a t i o n  s i t e  was e v a l u a t e d  a n d  r e c o r d e d .  
When. t h e  las t  p a t c h  was removed, , '  t h e  toes of t h e  h , i n d  f e e t  o f  
each a n i m a l  wcre taped t o  p r e v e n t  t h e  a n i m a l  from s c r a t c h i n g  t h e  - ,  

, I  

p l i e d  $ t o  t h i s  area o n  a 112 x l / 2 "  c o t t o n ' g a u z e  s q u a r e : '  c o v e r e d  . .  

Two 
' d a y s  l a t e r ,  t h i s  p a t c h  w a s  removed a n d  a t o t a l  of 9 . 2  mL of a 50% 

I 

On 

1 ,  ,n ' ew p a t c h  of 0.1 mL o f  t h e  mater ia l  a p p l i e d .  T h e  l a s t  p a t c h  w a s  , . I  

' I  i r r i t a t e d  area. I '  

* r 

A f t e r  t h e  2-week rest p e r i o d ,  t h e  flanks of t h e  a n i m a l s  were 
c l i p p e d  a n d  c n a l l e n g e d  . * . i $ h  t h e  t e s t  s o l u t i o n .  The c h a l l e n g e '  

s i t es  were rec;orded a t  24  a n d  4 8  h o u r s  a f , t e r  a p p l i c a t i o n .  Any ' 
a n i m a l  s h o w i n g  m e a s u r e a b l e  e r y t h e m a  a n d / o r  edema a t  the c h a l l e n g e  

' a p p l i c a t i o n s  were n o t  . o c c l u d e d .  Th'e I s k i n  r e s p o n s e s  a t  these 

siFe was ra ted a s  a p o s i t i v e  responder. I ,  

In s c o - i n g ' t h e  M a g u i r e  T e s t ,  t h e  i m p o r t a n t  s t a t i s t i c  i s  
' f r e q u e n c y  of t h e  r e a c t i o n . ' ,  The  f o l l o w i n g  t a b l e  is use 'd  t o  c l a s -  

s i f y  t e s t  material 's a s  t o  s e n s + ' t i z a t i o n  p o t e n t i a l .  
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' S e n s i  t i z a t  i a n  
Rate (%)  Grade 

I Weak 10 
20-30 
4d-60 
70-80 

, I  90-100 

* I  1 ,  

I 

Oral Toxicity 

An ora l  d o s e  of 5 ! g / k g  

1 1  M i l d  

I 1 1  I V  S t r o n g  hbder,ate 1; 
. I  V E x t r e m e  . ..- .- 
-* 

RESULTS 

g i v e n  to'5 male ra ts  r e s u l t e d  i n  no 1 , r 4  
m o r t a l i t y  a f t e r  14 d a y s  of o b s e r v a t i o n .  N o  s i g n s  of t o x i c  stress .-.-I 

I::] 

;.. / 

were no ted  d u r i n g  t h i s  pe r iod  a n d  a l l  r a t s  s h o w e d  n o r m a l  body 
w e i g h t  g a i n s .  _. * : { 

.-t 
0 .  

, +, 
* .  

Dermal Toxicity 

:::I 
.. I 

J' F i v e  r abb i t s  were g i v e n  a d e r m a l  dose of 2 mL/kg w h i c h  w a s ,  
- .  

I . .- I 
k e p t  i n  c o n t a c t  w i t h  t h e  s k i n  for 2 4  h o u r s .  N o  d e a t h s ' , o c c u r r e d  ' 

d u r i n g  t h e  s u b s e q u e n t  14-day o b s e r v a t i o n  p e r i o d .  No s i g n s  of ' 

showed,  normal w e i g h t  g a i n s .  

I;: 

t o x i c '  stress were n o t e d  d u r i n g  t h e  14-da.y p e r i o d  * a n d  a l l  r a b b i t s  L- . .  
: '. 
.x; e '  
,..:I 
,. i 

, .a. 
***, 

. 1' 
Eye Irr i ta t ion  

I )  

, -2 

N i n e '  r a b b i t s  were t e s t ed  for e y e  i r r i t a t i o n .  The t rea ted  
.' ' .  .' . I  eye of 6 of t h e  r a b b i t s  r e m a i n e d  unwashed  f o l l o w i n g  t r e a t m e n t  

w h i l e  t h e  r e m a i n i n g  3 r a b b i t s  r e c e i v e d  t h e  tes t  material a n d  t h e n  
had  t h e  e y e  f l u s h e d  f o r  1 m i n u t e  w i t h  lukewa ' rm'water .  Examina-  
t i o n s  for gross  e y e  i r r i t a t i o n  were made k t  1, 2 ,  3, 4 ,  a n d  '7 ' C'  

d a y s  f o l l o w i n g  a p p l i c a t i o n .  No s i g n s  of e y e  i r r i t a t i o n  were . ? - - .  

f o u n d  a t  a n y  of t h e ,  o b s e r v a t i o n  pe r iods .  I b :-.: 
I. . -  

S k i d  Ir f i tat ion 
.. 

T h e  r a b b i t s  from t h e  dermal s t u d y  r e c e i v e d  doses a p p r c x i - . a  
m a t e s l y  8 times t h e  recommended dose for primary s k i n  i r r i t a t i o n  ' 

t e s t i n g ,  as w e l l  as b e i n g  i n , c o n t a c t  w i t h  t h e  h y d r a u l i c  f l u i d  f o r  
6 t i m e s  t h e  recommended tifne pe r iod .  
s i g n s  of s k i n  i r r i t a t i o n  when e x a m i n e d  a t  2 4 ,  4 8 ,  a n d  72 h o u r s  

These r a b b i t s  showed n o  
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f o l l o w i n g  t h e  dermal  d o s e .  S i n c e  n o  s k i n  i r r i t a t i o n  o c c u r r e d  
f o l l o w i n g  t h i s  more s a v e r e  t e s t ,  i t  was c o n c l u d e d  t h a t  t h e  
h y d r a u l i c  f l u i d  p o s e s  n o  hazard  as a s k i n  i r r i t a n t .  . (  

' I  

Skin S e n s i t i z a t i o n  

T h e  s e n s i t i z a t i o n  t es t  was performed o n  male g u i n e a  p i g s  ' 

' 
u s i n g  a modl i f i ed  M a g u i r e  method.  N o  s e n s i t i z a t i o n  r e s p o n s e  
o c c u r r e d  ' i n  , a n y  of t h e  g u i n e a  p i g s  f o l l o w i n g  t h e  c h a l l e n g e  dose 
of t h e  h y d r a u l i c  f l u i d .  

I ,  I ,  

4 

DISCUSSION 
, . I  

The  o r a l  a n d  dermal t d x i c i t y  t e s t s  were d o n e  u s i n g . a n  u p p e r  ' 

l i m i t  test  of 5 g / k g  a n d  2 mL./kg, r e s p e c t i v e l y .  . A s  n o  d e a t h s  
o c c u r r e d  d u r i n g  t h e  s u b s e q u e n t  14-day  o b s e r v a t i o n  pe r iod '  i t  w a s  
u n n e c e s s a r y  t o  do f u r t h e r  t e s t i n g .  T h e  h y d r a u l i c  f l u i d  i s  c o n -  
s i d e r e d  n o n - t o x , i c  b,y e i t h q r  t h e  o r a l  or t h e , d e r m a l  r o u t e , o f  .) 

a d m i n i s t r a t i o n .  

3 Eye a n d  s k i n  i r r i t a t i o n  a n d  s k i n  s e n s i t i z a t i o n  t e s t s  p r o v e d  
to be n e g a t i v e .  

f l u i d  s h o G 1 d  n o t  pose a n  a c u t e '  hazard  t o  workers d u r i n g  produc- 
t i o ?  or  u s e .  

The r e s u l t s  of t h e  a c u t e  t o x i c i t y  tests reported 

, 
, h e r e i n  i n d i c a t e  t h a t  t h i s  c y d l o t r i p h o s p h a z e n e  based h y d r a u l i c  

ACUTE TOXICITY OP TBIONYL CHLORIDE VAPOR FOB EATS 
I 

T h e  A i r  F o r c e  w i l l  be  r e p l a c i n g  e x i s t i n g  s t a n d b y  power b a t -  
t e r i e s  a t  Minute,mnan Miss'ile si te,s  w i t h  new l i t h i u m / t h i o n y l  c h l o -  
r i d e  b a t t e r i e s .  D u r i n g  u s e ' ,  storage, or d e a c t i v a t i o n  of l i t h i u m  
,batte,ries, ' t h i o n y l  ch lo r ide  may be  released i n t o  t h e  e n v i r o n m e n t .  

L i t t l e  information was a v a d 4 a b l e  ?n t h e  t o q i c i t y  of t h i o n y l  
c h l o r i d e .  G e n e r a l l y ,  t h i o n y l  c h l o r i d e  (ZOClz)  v a p o r  i s  t h o u g h t  
t o  decompose i n  moist a i r  t o  form h y d r o g e n  c h l o r i d e  a n d  s u l P u r  
d i o x i d e .  For t h i s  r e a s o n ,  t h e  t o x i c  e f f e c t  of t h i o n y l  c h l o r i d e  , 
i s  o f t e n  a s s u m e d  t o  be t h e  a d d i t i v e  e f f e c t  of h y d r o g e n  c h l o r i d e  
a n d  s u l f u r  d i o x i ' d e .  P a t t y  (1963) m e n t i o n s  a s t u d y  b y  F l u r y  a n d  
Z e r n i k  (1931) i n  w h i c h  a 2 0 - m i n u t e  e x p o s u r e  t o  17.5 ppm t h i o n y l  
c h l o r i d e  proved f a t a l  t o  ca t s .  However, there  aprrears t o  L e  a n  
e r ro r  i n  t h e  o r i g i n a l  p u b l i c a t i o n  i n  c o n ( / e r s i o n  rk4 u n i t s  w h i c h  
l e a d s  t o  u n c e r t a i n t y  i n  t h e  a c t u a l  c o n c e n t r a t i o n  tested. 
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S t u d i e s  h a v e  b e e n  c c n d u c t e d  i n  t h i s  l a b o r a t o r y  o n  t h e  a c u t e  
Darmer e t  a l .  , t o x i c i t y  of h y d r o g e n  c h l o r i d e  a n d  s u l f u r  d i o x i d e .  

( 1 9 7 2 )  repor ted 'a  5 - m i n u t e  a n d  3 0 . m i n u t e  male r a t  LCso f o r '  
h y d r o g e n  c h l o r i d e  v a p Q r  of 40898 a n d  4701 ppm, r e s p e c t i v e l y .  
MacEweri a n d  V e r n o t  (1976) ' report  a, 1 - h o u r  r a t  LC50 of 3120 ppm ' 
for ' h y d r o g e n  c h l o r i d e  vapor.  The l - h o u r  i n h a l a , t i o n  LCso' v a l u e  of 
s u l f u r  d i o x i d e  v a p o r  for  male ra ts  h a s  b e e n  repor ted  by  ,hlacEwen 
a n d  V e r n o t  (1977) as  2 5 2 0  ppm. 

' 

T h i s  s t u d y  was d e s i g n e d  t o  d e t e r m i n e  t h e  male r a t  1 - h o u r  
CCso of t t i i o n y l  c h l o r i d e  when d e l i v e r e d  ' to ,an e x p o s u r e  chamber i n  

I ,  . a n  F tmosphere  of,  l o w .  h u m i d i t y  w h i k h  would ,  r e s u l t ,  i n  m i n , i , p p ' d e - . '  " 

c o m p o s i t i o n  of t h e  c o n t a m i n a n t .  ' I t  18s a lso  o u r  p u r p o s e  t o  
d e t e r m i n e  w h e t h e r  the a c u t e .  t o x i c i t y  of t h i o n y l  ch lo r ide !  c o u l d  be 
c o n s i d e r e d  a s  t h e  a d d i t i v e  e f f e c t  of its d e c o m p o s i t i o n  p r o d u c t s .  I (  

. .  
1 .  

YETHODS BND Y B T K R I ~ S  , .  

T e s t  Agent 
' 

T l i i o n y l  c h l o r i d e  w'as p u r c h a s e d  from A l d r i c h  Chemica l  
Company, , M i l w a u k e e , '  W i s c o n s i n .  
were c o n d u c t e d . u s i n g  R Beckman A c c u l a b d 4 ,  i n ' f r a r e d  ( I R )  
a n a l y z e r .  I R  s c a n s  were o b t a i n e d  f0.r , a p p r o x i m a t e l y  1 0  mgjmL 
c o n c e n t r a t i o n s  of S O C 1 2  . i n  c a r b o n  t e t r a c h l o r i d e  w h i c h , w e r e  read 
a g a i n s t  a s o l v e n t  b l a n k .  , 

, Q u a l i t y  c o n t r o l  a n a l y s e s  o n  SOCl.2 

' 

" I ,  

. .  

. " ,  . 
Ge cerat ion 

E x p o s u r e s  were c o n d u c t e d  i n  a 6 0 - l i t e r ,  P l e x i g l a s Q ,  e x p o s u r e  , 

I chaaber.  Th,e chamber a i r  s u p p l y  G b n s i s t e d  of h i g h  p u r i t y  d r y  
5 n i t r o g e n  (99.99% m i n . , ' M a t h e s o n  Gas P r o d u c t s )  a n d  Zero-Gas* d r y  

o x y g e n  (99.8% min., Matheson  Gas P r o d u c k s )  c o m b i n e d  in a 4 : l  flpw . , 
r a t i o  ) m o n i t o r e d  w i t h  ca l ibra ted ,  F i s h e r  & P o r t e r  flowmeters. 
Y i g h  p u r i t y  d r y  g a s e s  were u s e d  t o  m i n i m i z e  h y d r o l y t i c  decomposil 
t l o n  of t h i o n y l  chlor ' ide.  

. I  

, I  
8 ,  , I  

L i q u i d  t h i o n y l  c h l o r i d e  w a s  s u p p l i e d , b y  a s y r i n g e  pump 
( S a g e ,  Model ,9355) t o  'a h e l i c a l ,  gla'ss e v a p o r a t i n g  t'ower w h e r e  i t  
w a s  v a p o r i z e d  i n  a c o u n t e r s t r e a m  of n i t r o g e n .  . B e c a u s e  of S O C 1 2  
v o l a t i l i t y  a n d  t h e  p o s s i b i l i t y  of thermal d e c o m p o s i t i o n ,  t h e  . 
e - r a p o r a t i n g  tower was n o t  h e a t e d .  
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Tot a1 C h l o r i d e  Con tam i n a n  t Analy s I s  

The e x p o s u r e  c h a m b e r  atmosphere was monitored f o r  c h l o r i d e  
ion  c o n c e n t r a t i o n  u s i n g  a f l o w  c e l l  c o n t a i n i n g  a c h l o r i d e  i o n  
,e lectrode ( O r i o n ,  Model #94-17B) a n d  a r e f e r e n c e  e l e c t r o d e  
(Orion, Model #90-02).  Electrode r e s p o n s e  was read on 8 gH meter 
s e t  on e x p a n d e d  x i l l i v o l t  sca le  a n d  r e f e r e n c e d  t o  a s t r i p - c h a r t  
recorder. A t i m e r - c o n t r o l l e d ,  e l e c t r o m e c h a n i c a l  v a l v e  s w i t c h e r !  
from tower e f f l u e n t  :o b a s e l i n e  a b s o r b i n g  s o l u t i o n  from a l owi r  
by-pass .  

I ,  

I T h i o n y i  C h l o r i d e  Analysis 
I ,  , I  ' 

5 )  

I 

* T h e  c o n c e n t r a t i o n . o f  U n h y L r o l y z e L  SOCl;! ig t h e  chamber a t -  
m o s p h e r e  was m e a s u r e d  by.IR a n a l y s i s  of carbon !e t rachlor ide 

' ( C C 1 4 )  s o l u t i o n s  of t h e  c o n t a m i n a n t  o b t a i n e d  by 2rnpinger  sampl- 
ing..  Chamber a i r  was d r a w n  t , h r o u g h  .a , t r a i n  of t h r e e  i m p i n g e r s ,  
each c o n t a i n i ' n g  20 mLi of CC14, a t  a metered flow of 1.5 L/ rn in .  
The r e s u l t a n t  s o l u t i o n s  were read o n  t h e  Beckman A q c u l a b  4 I R  , . 

a n a l y z e r  a g a i n s t  a cc14 b l a n k  u s i n g  l i q u i d  c e l l s  w i t h  sodium 
ch lo r ide  windows a n d  ,set a t  0.1 mm p a t h  l e n g t h s .  The  i n s t r u m e n t  
s c a n n e d  each i m p i n g e r  s a m p l e  from a ' w a v e l e n g t h  of 2.5' pm to 16 
urn. A b s o r b a n c e  a t  8 .3  u m ' w a s  1 G d i c . a t i v e  of SOC12.  

8 ,  
T h e  i n s t r u m e n t  qras c a l i b r a t e d  b y  m e a s u r i n g  t h e  a b s o l u t e  

t r a n s m i t t a n c e  a t  8.3 um of s t a n d a r d  s o l u t i o n s  of SOC12 d i s s o l v e d  
i n  CC14. T r a n s m i t t a n c e  w a s  c o n v e r t e d  t o  a b s o r b a n c e  q n i t s  a n d  
p lo t ted  as a f u n c t i o n  03 s t a n d a r d  c o n c e n t r a t i o n  i n  mg/mL. 

S a m p l i n g  for t h i o n y l  chlor ide a n e l y s i s  w a s  d o n e  occe d u r i n g  
each e x p o s u r e .  The chamber w a s  al iowed t o  a c h i e v e  a s t a b l e  t o t a l ,  
c h l o r i d e  c o n t a m i n a n t  c o n c e n t r a t i o n  a s  i n d i c a t e d  by the c h l o r i d e  

. ' i o n  electrode a n a l y s i s  before i m p i n g e r  s a m p l i n g  was i n i t i a t e d .  
, I n  most cases, i m p i n g e r  s a m p l i n g  c o n t ' i n q e d  f o r  t t i e , d u r a t i o n  03 . t  ' 

, t h e  e x g o s u r e .  - 

Animals  

T h e  a n i m a l s  u s e d  i n  t h e s e  e x p e r i m e n t s  were male O F *  
~ ( F i s c h e r  344)/CrlBR rats, n i n e  to e l e v e n  weeks of age,  o b t a i n e d  

from C h a r l e s  R i v e r  B r e e d i n g  Labs, W i l m i n g t o n ,  M a s s a c h u s e t t s .  
E x p o s u r e  g r o u p s  c o n s i s t e d  of 5 a n i m a l s .  

0 ,  
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EXPERIXKNTAL RESULTS 

The c o n c e n t r a t i o n s  of d e c o m p o s e d  a n d  undecomposed  SOC12 
d e t e r m i n e d  d u r i n g  t h e 4 i n h a l a t i o n  e x p o s u r e s  a r e l g i v e n  i n  
T a b l e  76. A l t h o u g h  d r y  g a s e s  were u s e d  t o  g e n e r a t e  t h e  atmo- 
s p h e r e s ,  e n o u g h  m o i s t u r e  w a s  p r o d u c e d  by t h e  r a t s  t o  p r o d u c e  
r e l a t ive  h u m i d i t i e s  of a r o u n d  50%. U n d e r  t h e s e  c o n d i t i o n s ,  SOC12 
was c o m p l e t e l y  h y d r o l y z e d ,  or almost so', i n  a l l  e x p e r i m e n t s  s o  
t h a t  r a t s  were e x p o s e d  t o  S O 2  a n d  HC1 i n  a r a t i o  o f  1:2. 

J 

TABLE 76 .  CONCENTRATIONS OF DECOMPOSED A N D  U N D E G O M P O ~ E D  ~b IONYL , 
CHLORIDE I N  INHALATION EXPOSURE CHAMBERS . 

% R e l .  De co mpos ed $D Un de c o mpos e d , Chamber 
' C o n c .  , pp m ppm C o n c . ,  pp m Temp.,  " C  Humid1 t y '  

661 A 68 I 11 , 22.0 1 47 
' 25.0 39 
23.5 46 

503 ' +, 96 , 0 
4 1 3  f 24 0 
360 J * l loa  , o  , 27.0 I 58 I 

302 2 44 0 25 .o 5 0  
I , 

I '  

1 ,  a Large s t a n d a r d  d e v i a t i o n  due  t o  s y r i n g e  pump jamming d u r i n g  
% e x p o s u r e .  I 

1 , :. 
8 .  

M o r t a l i t y  i n  t h e  1 - h o u r  i n h a l a t i o n  e x p o s u r e s  i s  shown i n ,  
T a b l e .  77. ,Low n o n - l e t h a l  c o n c e n t r a t i o n s  were i r r i t a t i n g  t o  t h e  
e y e s  a n d '  r e s p i r a t o r y  s y s t e m  r e s u l t i n g  i n  shal low b r e a t h i n g  a n d ,  

, e v e n t u a l l y ,  g a s p i n g .  D e a t h s  were d i r e c t l y  a t t r i b u t e d  t o  s e v e r e  
l i n g  i r r i t a t i o n  w i t h  r e s u l t a n t  edema f o ' r m a t i o n .  , D e a t h s  u s u a l l y  
o c c u r r e d  w i t h i n  2 4  h o u r s  o f  e x p o s u r e  t e r m i n a t i o n .  No d e a t h s  
o c c u r r e d  b e y o n d  48 h o u r s  a f t e r  e x p o s u r e .  . , 

1 ,  

S u r v i v o r s  o f  t h i o n y l  c h l o r i d e  c o n c e n t r a t , i o n q  i n  w h i c h  
p a r t i a l  l e t h a l i t y  o c c u r r e , d  n e v e r  r e g a i n e d  o r i g i n a l  body w e i g h t ,  
w i t h  th 'e e x c e p t i o n  of t h - e  s i n g l e  s u r v i v o r  f rbm t h e  hYghe ' s t  c o n -  
c e n t r a t i o n  e x p o s u r e .  Rats e x p o s e d  a t  ~ n o n - l e t h a l  c o n c e n t r a t i o n s '  
r e ' g a i n e d  t h e i r  o r i g i n a l  b o d y  w e i g h t ' d u r i n g  t h e  s e c o n d  week o f  

, 

I p o s t e x p o s u r e  o b s e r v a t i o n .  
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TABLE 77. 
. .  F I S C H E R  3 4 4  RATS TO THIONYL CHLORIDE 

, C o n c e n t r a t i o n ,  p p  ma 

EFFECT OF 1-HOUR I N H , A L A T I O N  EXPOSURES O F  MALE 

, .  

. I  

S 0 2 - H C 1  M o r t a l i t y  Number Dead A t  
SOClZ so2 "C1 Total  R a t  i o  24  h r s  48 h r s  -- 
11 661 1322 19831  ' 4  j 5  3 1 

3 $ ' ,  0 503 1006 ' 1509 3 / 5  I 3 - 
' 0  413' a26 1239 2 / 5  2 - 

1 .  

a SOC12 m e a s u r e d  c o n c e n t r a t i o n s ,  o t h e r s  c a l c u l a t e d .  
, 

LCso of SOL + HC1 m i x t u r e  (95% c o n f i d e n c e  l i m i t s )  = 1480 
(1170-2110) ppm. ' 

LCso ca l cu la t ed ' a s  S O C l 2  (95% c o n f i d e n c e  l i m i t s )  = 500 
(420-660) ppm. 

I 

I 
, I  

Pathology 

I 

, 

Gross e x a m i n a t i o n  of t h e  r a t s  t h a t  die .d  d u r i n g  or s h o r t l y  
f o l l o w i n g  e x p o s u r e  showed t h a t  t h e  r e s p i r a t o r y  t r a c t  was t h e  

1 p r i m a r y  t a r g e t  f o r  t h e  SOC12 damage.  M i l d  t o  moderate m u l t i f o c a l  
c o n g e s t i o n  w i t h  m u l t i p l e  areas  of m o d e r a t e  t o  s e v e r e  ecchnyrnotic 
h e m o r r h a g e  were o b s e r v e d  in t h e  r a t s .  T h e r e  was a l s o  e v i d e n c e  of 
a t e l e c t a s i s  a n d  c o n s o l i d a t i o n  w i t h  some r e s i d u a l  a l v e o l a r  damage .  

' . I  

DISCUSSION 

?'he a c u t e  e f f e c t s  of e x p o s u r e  t o  SOC12-1?ere  s imilar  t o  t h o s e  
o b s e c v e d ,  h i t h  e x p o s u r e  t o  o t h e r  p u l m o n a r y  i r r i t a n t s  s u c h  as OF2  

1971), CF3 (Dost k t  ' a l . ,  19681, a n d  H C 1  (Darmer e t  al., 1972) .  ' 

Deaths  were a t t r ; i b u t e d  p r i m a r i l y  !to t h e ,  i r r i t a t i v e  e f f e c t s  of t h , e  
compound on t h e  r e s p i r a t o r y  t r ac t .  

, ( D a v i s ,  1970) ,  KF ( D i P a s q u a l e  a n d  . D a v i s ,  1971) ,  C , l F s  ,(Darmer, 
' 

The e x p o s u r e s  o f l m a l e  rats t o  SOC12 were carr ied o u t  ,by 
g e n e r a t i n g  t h e  c o n t a m i n a n t  i n  v e r y '  d r y  a i r  t o  m i n i m t z e  decomposi- 
t i o n .  H o w e v e r ,  i t  w a s  imposs ib l e  t o  e l i m i n a t e  a l -  a a t e r  from t h e  
e x p o s u r e  chamber  d u e  t o  t h e  m o i s t u r e  from t h e  a n i m a l s  b r e a t h  a n d  
e x c r e t a .  E x c e p t  for o n e  e x p o s u r e ,  t h e  complete b r e a k d o w n  of 1 

SOC1z t o  SOz a n d  HC1 was n o t  p r e v e n t e d .  I 
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F i n n e y  ( 1 9 5 2 )  g i v e s  t h e  f o l l o w i n g  e q u a t i o n  for c a l c u l a t i o n  
of m i x t u r e  LCso v a l u e s :  

I p b  ' + - Pa 
" P r e d i c t e d  LCso M i x t u r e  LC50 Componenta  LC,, Component  

1 - 
b 

Where: pa I= P r o p o r t i o n  of c o m p o n e n t  a ,  p b  = P r o p o r t i o n  o f , '  
' component  bs a n d  pa + 'pb = 1.00. 1 8 ,  

, ' For t h e  1 :2  m i x t u r e  of SO2 a n d  H C 1 ,  t h i s  becomes:  

I 

1 0.33 0.67 
= - + -  

4 .  

a LC5, M i x t u r e  2 5 2 0  3 1 2 0  I 

P r e d i c t e d  LCso m i x t u r e ' =  2890 pprn or 9 6 0  gpm as SOC12. 

' ' I  

1 S i n c e  t h e  m e a s u r e d  LCso of t h e  m i x t u r e  Was 1480 ppm, o r  500 
pprn as  SOC12, t h e  acute t o x i c i t y  o f  the m i x t u r e  i s  g r e a t e r  t h a n  
would  be e x p e c . c e d  from simple a d d i t i v i t y  b u t  n o t  e n o u g h  t o  p lace  
i t  i n  a h i g h e r  t o x i c i t y  class. M o r e o v e r ,  t h e  major r e a s o n ' f o r  

, m e a s u r i n g  t h e  a c u t e  t o x i c i t y  of SOC12 was t h a t  F l p r y  a n d  Z e r n i k  
(1931) s ta ted t h a t  ca t s  were k i l l e d h d u r i n g  a i o - m i n u t e ,  i n h a l a t i o n  
e x p o s u r e  t o  17.5 ppm, a v a l u e  which  a p p e a r s  t o  be i n ' e r r o r .  Our , 

' 

' d a t a , . o b t a i n e d  w i t h  r a t s  d e y o n s t r a t e  t h a t  SOCl2 is n o t  e x t r e m e l y  
' I  I ' t o x i c .  

SECTION 1x1 

FACILITIES 

ANALYSXS OF ~~EYDROXYBUTYRIC ACID (GHBA) AND 
I-BUTYROLACTONE (GBL) IX RAT URINE 

S i n g l e  d o s e  I ?  a d m i n i s t r a t i o n  or 2-week c o n t i n u o u s  i n h a l a -  
t i o n  of d i m e t h y l  m e t h y l p h o s p h o n a t e  (DMMP) l e a d s  t o  u r i n a r y  e x c r e -  
t i o n  of . - b u t y r o l a c t o n e  ( G B L )  or y - h y d r o x y b u t y r i c  ac id  ( G H R A )  i n  
r a t s  (MacEwen attd V e r n o t ,  1984). A h y p o t h e s i s  was d e v e l o p e d  t h a t  
t h e  p r e s e n c e  of e i t h e r  GSL o r  GHBA i n  t h e  u r i n e  i s  d u e  t o  t h e  
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I' 

' / I C  I 

, <  

i n h i b i t i o n  of t h e  m a j o r ' m e t a b o l i c  p a t h w a y  of s u c c i n i c '  s e m i a l d e -  
' h y d e  d e h y d r o g e n a s e  ( S S A - D H ) . .  S u c c i n i c  s e m i a l d e h y d e  is a n  
i n t e r m e d i a t e  i n  t h e  m e t a b o l i s m  of t h e  n e u r o t r a q s m i t t e r  y-  ' 

a r n i n o b u t y r i c  a c i d  (GABA)  ( F i g u r e  9 ) .  

! I  

. I  
I 

coo3 
I 

I CH2 

CH2 
I 

I , ,  I ,  
s i  I ,  I ,  

, CH2NH2 

y-AminobutyrLc  ' a c i d  (GABA) 

G,ABA t r a n s a m i n a s e  (GABA-T) 

. COOH 

1 ,  , ! ' ,  \1 
COO H COCH ' 

I , I  I I 
' CH2, , CH2 

8 ,  CH2  . 4- .- ----...--- 
I S S A - r e d u c t a s e  , I SS A-deh y d r o g e n a s !  I '  

CH2 CH2. ' 

(SSA-R)' 1 (SSA-DH') I 
CH2 

I 
CHzOH c - 0  COOH 

H 

s u c c i n i c  a c i d  , 
! . .  ' y - h y d r o x y b u t y r i c  a c i d  succ in ic  , 

(GHBA) ' s k m i a l d e h y d e  
4 ,  (SSA) 

, 4. 
o r  

y - b u t y r o l a c t o n e  '(GBL') 
1 ,  

, I  

I d  * 
I F i g u r e  9. y-Ami .nobutyr ic  a c i d  ,metabol ic  p a t h w a y  .' 

I .  

' Blockage of S S A y D H  may' l e a d  t o  t h e  i n c r e a s e d  u t i l i z a t i o n  o f  
t h e  a l t e r n a t e  metabol ic  route (SSA-R)  t h e r e b y  i n c r e a s i n g  t h e  I .  

p r o d u c t s  GBL, o r  G H B A . '  

. I  
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I 

I )  
I 

I n  order t o  test t h i s  h y p o t h e s i s ,  e x p e r i m e n t s ,  were d e s i g n e d  
t o  m e a s u r e  u r i n a r y  GHBA a n d '  GBL l e v e l s  a f t e r  a d m i n i s t r a t i o n  of 
DMMP, GBL i t s e l f ,  ,and 2 - p r o p y l p e n t a n o i c  a c i d ,  a known i n h i b i t o r  
o f  SSA-DH. T o  c a r r y  o u t  t h i s  o b j e c t i v e ,  i t  was n e c e s s a - r y  t o  
d e v e l o p  a n a l y t i c a l  m e t h o d s  w h i c h  c o u l d  d i s t i n g u i s h  b e t w e e n  G H B A .  
a n d  GBL a n d  d e t e r m i n e  e a c h  w i t h  a c c u r a c y  a n d  p r e c i s i o n .  Since i t  
h a d  p r e v i o u s l y  b e e n  shown t h a t  G H B A  w a s  c o n v e r t e d  t o  G B L  i n  a g a s  
c h r o m a t o g r a p h ,  p r o c e d u r e s  were d e v e l o p e d  t o  d i f f e r e n t i a t e  be tween 
them by t h e i r  e x t r a c t i o n  cha rac t e r i s t i c s  i n t o  c h l o r o f o r m . '  The  
method f . i r s t  m e a s u r e s  GBI+ + G H B A  by l a c t o n i z a t i o n  o f  t h e  GHBA 
u s i n g ,  s t r o n g ' a c i d  and  h e a t  before e x , t r a c t i o n . ,  I n  a separate  , , 

s a m p l e  o f , t h e  same u r i n , e ,  EBL a l o n e  i s  d e t e r m i n e d  by e x t r a c t i o n  
w i t h o u t  a c i d  t r e a t m e n t .  

1 ,  

8 .  
, .  

Procedure for Analysis' of 'GBL and GHBA i n  Ra t  U r i n e  

c o l l e c t i o n ,  i f  p o s s i b l e ,  b u t  are s t o r e d  a t  -8O'C when n e c e s s a r y .  
Two 1 mL samples are t a k e n  f r o m  t h e  24-hour  c o l l e c t i o n  q f  u r i n e  
f o l l o w i n g  t r e a t m e n t .  They a re  placed i n  two 4 mL TR-Via ls .  !The 
f i r s t  sample i s  t r e a t e d  w i t h  k c i d  a n d  h e a t ,  t o  c o n v e r t  t h e  G H B A  t o  
GBL. T h e  t r e a t m e n t  s teps are a s  fo l lows:  

I 

U r i n e  samples are  a n a l y z e d  f o r  GBL a n d  GHBA t h e '  dcry a f t e r  

I 

, '  
1. 

3. Cool t o  room temperature. 

Add 0.06 mL c o n c e n t r a t e d  . s u l f u r i c ' , a c i d  t o  1 mL u r i n e .  
- 2. Heat a t  83OC f o r  15 m i n u t e s .  

, B o t h  samples a r e ' t h e n  i n d i v i d u a l l y  e x t r a c t e d  t o  remove t h e  
GBL fo r  a n a l y s i s .  The e x t ' r a c t i o n  s t e p s  i n  t h e  4 mL TR-Vial  a r e  
a s  f o l l o w ' s : .  ( I  

I .  . 

1. E x t r a c t  1 mL u r i n e / 2  mL c h l o r o f o r m  w i t h  a 1 m i n u t e  
s w i r l .  , I 

, 2. bdd 100 mg A l c o n o x * , a n d  s w i r l  t o  mix. 
3. SeparcLte o f f  t h e  c ' h l o r o f o r m  e x t r a c t .  

I ,  ". 4 .  . E x t r a c t  1 mL u r i n e / 2  ,mL c h l o r o f o r m  w i t h  a 1 m i n u t e  
, '  s w i r l .  I ,  

5 .  Remove c h l o r o f o r m  l a y e r  a n d  pool w i t h  t h e . f i r s t  

6. , ,  E v a p o r a t e  t o  1 mL a n d  i n j e c t  2 vL i n t o  g a s  

6 e x t r a c t .  

c h r  o m  t o g  ram. 
I 

1 ,  
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I '  

T h e  e x t r a c t e d  s a m p l e s  are a n a l y z e d  by GC a n d  r e c o r d e d  
using a c , o m p u t i n g  i n t e g r a t o r  u n d e r  t h e  f o l l o w i n g  c o n d i t i o n s :  

.. 

, .  
GC : V a r i a n  3700 w i t h s F I D  
S a m p l e  S i z e :  2 VL 
Column F l q w :  , ' 3 mL/miri , 

S p l i t t e r .  F l o w :  50 mL/min , , 
Column : 59 m x 0.32 'mm Carbowax* CP57 WCOT 
Co 1 umn Temper a t  u r  e : 
I n j e c t o r  T e m p e r a t u r e :  210°C 
iktector  T e m p e r a t u r e :  2530C , 

'130°C , 

1 n t e g r a t o k . i  ' t f e w l ' 4 t t L P ' a c k a r d  3388 I I ,  I , I  

I 

1 ' I  

. I  

, d a y  t o ' d a y .  
d e t e r m i n e  r e t e n t i , o n  time a n d  ' to  c h e c k  d e t e c t o r  s e n s i t i v i t y  w h i c h  ' 

' a l s o  v a r i e s  f r o r n ' . d a y  t o  d a y ;  GBL a n d  GHBA e x c r e t e d  pe r  d a y  a re  
c a l c u l a t e d  from t h e  c o n c e n t r a t i o n s  a n d  t h e  t o t a l  u r i n e  v o l u m e .  

The r e t e n t i o n  t i m e  i s  a b o u t  8 m i n u t e s , '  v a r y i n g  s l i g h t l y  f r p m  
A S t a n d a r d .  of GBL i n  c h l o r o f o r m  is r u n  d a i l y  t o  

T h i s  p r o c e d u r e  w a s  a p p l i e d  t o  u r i n e  f r o m  rats' g i v e n  I P  d o s e s  of 2 ' ,  

' mL/kg W M P  a n d  t o  c o n t r o l  rats. '  I t  w a s  shown t h a t :  

1. 

2. I P  a d m i n i s t r a t i o n  of DMMP r e , s u l t s  i n  s i g n i f i c a n t  . ' 

C o n t r o l  u r i n e  . c o n t a i n s  a n e g l i g i b l e  c o n c e n t r a t i o n  of 
I ' GEL- a n d  a r e p r o d u c i b l e  l o w  l e v e l  of GHBA.  ' 

l e v q l s  of u r i n a ' r y  GRL a n d  i n c r e a s e s  i n  u r i n a r y  G H B A .  

T h e  u r i n e  samples used to c h e c k  t h e  GC p r o c e d u r e  were a l s o  
a n a l y z e d -  u s i n k  t h e  'HP 5993 'GC/MS unde,r  c h r o m a t o g r a p h i c  c o n d i t i o n s  , ' 

l i s t e d  below: 
I t  

Column : 
Column T e m p e r a t u r e :  
In jec tor  T e m p e r a t u r e :  

S p l i t t e r  F low:  

S c a n  D e l a y :  
I n j e c t i o n  Volume:.  

; L -  Carrier F l o w :  

, ' Run Time:  
I 

Chrompak-57 c a p i l l a r y ,  50 m x 0.32 .6rn 
130°C i s o t h e r r k l  
21OOC 
H e l i , u m  at 3 mL/min*, 20 p s i  
10 rnL/min 
12 min 
5 m i n  
5.0 PL 

1 '  

I n ,  o r d e r  t o  m a x i m i z e  GC/MS s e n s i t i v i t y ,  GBL was m e a s u r e d  b y  
s e l e c t e d  i o n  m o n i t o r i n g  ( S I M ) .  The GBL peak a s s i g n m e n t  was made 
on tFe basis of r e t e n t i o n  t i m e  c o i n c i d e n c e  of mass f r a g m e n t s  a t  
4 2 ,  56 ,  a n d  86, amu w h i c h  a r e  e v i d e n t  i n  the mass s p e c t r u m  'of GBL 
shown i n  F i g u r e  10. 

166 , 
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4 2  

I 9 3 ,  193 #I 
Figure 10. L i b r a r y  mass s p e c t r u m  of y - b u t y r o l a c t o n e  (GBL). , 

4 

, 

GBL c o n c e n t r a t i o n  i n  t h e  u r i n e  w a s  q u a n t i t a t e d  u s i n g  c h r o -  
, m a t o g r a p h i c  p e a k  area a c h i e v e d  by m o n i t o r i n g  t h e  i o n  a t  4 2  a m .  
Because of f l u c t u a t i o n s  i n  detector s e n s i t i v i t y  f r o m  r u n  t o  run, 
GBL r e s p o n s e  h a d  t o  be n o r m a l i z e d  t o  t h e  r e s p o n s e  t o  a n  i n t e r n a l  
s t a n d a r d  w h i c h ,  i n  t h i s  case, was y - v a l e r o l a c t o n e  (GVL). The  
p e a k  area o b t a i n e d  by m o n i t o r i n g  mass f r a g m e n t  56 amu i n  t h e  GVL 
s p e c t r u m ,  shown i n  F i g u r e  11, s e r v e d  as  t h e  r e f e r e n c e  r e s p o n s e .  
A l l  u r i n e  s a m p l e s  a n a l y z e d  for GC/MS q u a n t i t a t i o n  c o n t a i n e d  GVL 
a t  a c o n c e n t r a t i o n  o f  17 ug/mL. T h i s  was accomplished by d o p i n g  
e a c h  1 mL sample o f . u r i n e  e x t r a c t  w i t h  4 .25  pL of a 4000 pg/mL ' 

GvL s o l u t i o n  i n  c h l o r o f o r m .  

I 

Figure  11. L i b r a r y  mass s p e c ' t r u m  of y - v a l e r o l a c t o p e  (GVL)'. 
I 

4 8  

' A 17 qg/mL GVL s o l u t i o n  served as d i l u e n t  f o r  a l l  G B L ' s t a n -  

A 2 5  ug/mL GBL 
d a r d s .  This s o l u t i o n  was p r e p a r e d  by d i s s o l v i n g  4.0 p,L (4.22.8 
mg) of GVL i n  c h 1 , o r o f o r m  a n d  d i l u t i n g  t o  2 5 0  mL. 

a s t a n d a r d  was t h e n  p r e p a r e d  by d i l u t i o n  o f  2.5C mg o f  GBL t o  100  
mL w i t h  t h e  d i l u e n t .  The  r e m a i n i n g '  s t a n d a r d s  were p r e p a r e d  by 
f u r t g e r  d i l u t i o n  of t h e  5 . :  ug/mL s t a n d i t r d .  

F o r  e a c h  5.0 VL i n j e c t i o n  of s t a n d a r d ,  p e a k  areas  were ca l -  
c u l a t e d  f o r  r e s p o n s e '  t o  GVL ( 5 6  amu) a t  RT = 7 . 2  m i n u t e s  ' a n d  t o ,  
GBL ( 4 2  amu) a t  RT = 7.6 m i n u t e s .  T h e  GBL/GVL area  r a t i o  was 
c a l c u l a t e d  a n d  p l o t . t e d  a s  f u n c t i o n  of SBL c o n c e n z r a t i o n .  
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T h i s  p r o c e d u r e  conf i r r n e d '  t h e  i d e n t i t y  of t h e  compound  b e i n g  
c h r o m a t o g r a p h , e d  a s  GRL a n d  a l so  d u p l i c a t e d  t h e  q u a n t i t a t i v e  a n d  
q u a l i t a t i v e  r e s u l t s  o f  t h e  GC/FID p r o c e d u r e .  I I  

CYCLOTRIPHOSPHAZENE QUALITY CONTROL , 

Q u , a i i t y  c o n t r o l  (QC) a n a l y s i s  was c o n d u c t e d  o n  c y c l o t r i p h o s -  
p h a z e n e ,  h y d r a u l ' i c  f l u i ' d  (PN) as pa r t  o f  t h e  oral, o c u l a r ,  a n d  

' d e r m a l  s t u d i e s  o n  t h i s  material .  PN i s  c o m p o s e d  of a m i x t u r e  of 
h e t e r o s u b s t i t u t e d ,  c y c l o t r i ' p h o s p h a z e n e  c y c l i c  e s t e r s ,  t o l y ' l t r i a -  
zo le  ( C o b r a t e c "  T T - l o o ) ,  d a c o p p e r - b a s e d  c o r r o s i o n  i n h i b i -  
t,a.r, , T h e '  t e s t  a g e n t  h a s ,  
u n d e r g o e s . t h e r r n a 1  a t  1 8 5 ° C .  'These propert ies  n e -  

p r e s s u r e '  of 1 2  mrnHg a t  1 4 9 ° C  * a n d  

g a t e  t h e  p o s s i b i l i t y  of g a s  c h r o m a t o g r a p h i c  a n a l y s i s  (CC) o n  t h e  
i n t a c t  material. I t  was t h e r e f o r e  ' d e t e r m i n e d  t h a t  l i q u i d  c h r o -  
r n a t o g r a p h y ' ( H P L C )  w o u l d  be t h e  m e t h o d  of c h o i c e  far QC a n a l y s i s  
of PN. I 

I. A r e v e r s e  . p h a s e  s e p a r a t i o n  o f  PK c o m p o , n e n t s  was c o n d u c t e d  
w i t h '  t h e  Wate'rs. M-6000 L i q u i d  C h r o m a t o , g r a p h  u s i n g  'a C-18 c o l u m n  
w i t h  a , m e t h a n o l / w a t e r  mobile p h a s e .  C h r o m a t o g r a p h i c  b a r d s  were 
read b y  U V  s p , e c t r o p h o t o m $ e r  (Kratos S p e c t r o f l o w  773) a t  o. wave-  
( l e n g t h  o f  259.2, nanometers. F i g u r e ' l 2  i s  a r e p r e s e n t a t i v e  chro- 
matogram o b t a i n e d ,  b y  t h i s  m e t h o d .  C h r o m a t o g r a p h i C  c o n d i t i o n s  a r e  

' ,  d e , t a i L e d  ' i n  t h e  f i g u r e .  Results of e i g h t  r e p l i c a t e  c h r o m a t o g r a m s  
a r e  presented  i n  T a b l e  78. l . R e p r o d u c i b i l i t y  i s  g o o d  a n d  i s ' a c -  
cep tab le  fo r  p u r p a s e s  of QC c h a r a c t e r i z a t i o n .  

I ,  
1 .  

TABLE '7s. CHROMATOGRAPHIC KESULTS OF CYCLOTRJ BHOSPHAZENE 
QUALITY CONTROL ANALYSIS. MATRIX OF % ARE4 

BY P E A K  AND SAMPLE 

Sample # , Mean 
4 Q 4 Area 5D a ,  - 7 '  

RT - 6 - 5 - - 3 (mFn) 1, - 2 - 
5.09 

* 5.28 
3 5-61. 

* 5.75 
6.02 
6.27 
6.44 

8 6:59 

7.41 
7.93 

9,.22 
10.06 

' 11.04 

6 .a9 

8 .53  

2.42 
6.21 
7.66 
7.79 

f 3 . 0 5  
5.40 
7.59 
5.65 

' 12.86 
9.b4 
6.53 
4.98 
4.91 
3.52 
1.96 

2.40 
6.45 
a, . i4 
7 .a3 

5&.53 
8.16 

13.87 

5.91 
12.73 

9,. 20 
6.44 , 

4.40 
4.41 
2.73 
1.25 

2.43 
6.37 

7.80 
13.68 

5.67 

5 .b9 
12.70 

9.14 
6.41 
'4.44 
4.45 

1.52 

a .06 I 

7 .a5 

2 - 8 5  

2.39 
6.32 
7.91 
7.82 

13.41 
5.56 
7.76 
5.80 

12.78 
9.15 
6.51 
4.69 
3.73 
3.23 
1.69 

2.25 
6.44 

8.21 

5.89 

a .27 

13 .ao 

7.81 
5 :99 

13.06 
9.20 
6.37 
4.49 
4 .,30 
2.64 
1.28 
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2.13 
6.49 
p.43 
ab.49 

13.94 
6.19 
7.79 
6.11 

9.32 
6.39 

'4 .26  
4.17 
2.41 
0.91 

12.98 

2.14 2.19 2.29 0.12 
6.14 6.38 6.35 0.12 
7.30 8.16 7.99 0.36 

12.61 13.59 13.49 0.46 
5.53 5.82 5.70 0 . 2 6  
7.41 7.75 7.77 0 . 2 1  
5.45 5.91 5.84 0 . 2 1  

15.12 13.50 13.22 0.81 
8.68 9 .12  9.11 0.19 
5.97 6.32 6.37 0.18 
6.27 4.82 4.79 0 .64  
3.62 4.24 4 .35  0 .39  
2.36 2.59 2.79 0.40 
1.01 1.09 1.34 0 .36  

9.53 8.44 a .24 O.LO 
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C y c l o t r i p h o s p h a z e n e  Q u a l i t y  Control A n a l y s i s  
HPLC - Waters M-6000 S y s t e m  I 

C o l u m n :  S p h e r i s o r b  O D S ,  50,  (20  x 0 . 4 )  CM. 
Mabile P h a s e :  9 O / l O %  M e t h a n o l j V a t e r  (Y/Y) 
E l u t i o n  Mode: I socra t ic  
'Flow R a t e  = 0.7 C/min 
I n j e c t . :  1.5 vL, of 1 / 2 0 , D i l u t l o n  of PN i n  Mob. P h .  

8 ,  

- 
# I  , 7.33 
, Y Q . .4 3 

' - 9 . w  
d.Qd . 

0 . 8 8  
4.w 1 

5.49  
fi. 2:3 

, s.6; 
3 . 7 5  

6 .27  
6.44  ' 

. 6 . 5 9  
5. 3-3 
7.41 ' ' 

7 .I33 
d .  S.3 

' Id.Gir6 
x:.e4 

a. c?! 

. b . 0 2 ,  

, '  3.21 t 

. I  

Ln 2s I 
6 .  S3b 
.3.2i4 

. d .  Ld5 
LS. 749, 
S : 8 8 9  , 

? . a i 2  
5.992 
13.864 
9.195 
6 . 3 7 2  
4.489 
4.361 
2 . 0 3 3  
1.481 

eigure 12. S a m p l e  c h r o m a t o g r a m  by HPLC for c y c l o t r i p h o s p h a z e n e  
q u a l i t y  c o n t r o l  c n a l y s i s .  
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IMPROVEMENTS TO TEOYAS DOME CHAMBER SYSTEMS 

'Chamber Plow Yeasurebent System I (  

I n l e t  a n d  e f h a u s t ,  chamber a i r f l o w  m e a s u r e m e n t s  a r e  made 
u s i n 2  Meriam l a m i n a r  flow e l e m e n t s  i n s t a l l e d  i n  ' b o t h  t h e  i n l e t  
a n d  e x h a u s t  c h a m b e r  f l o w  l i n e s . '  Flow e l e m e n t  o u t p u t  of 14" H z 0  
d i f f e , r e n t i a l  p r e s s u r e  ( d p ) '  i s  n o m i n a l l y  e q u i v a l e n t  t o  50 cfm 
a i r f l o w  t h r o u g h  t h e  l a m i n a r  u n i t .  Measurement  of t h e  d p  o u t p u t  

, was i n i t i a l l y  a c c o m p l i s h e d . b y  a n  i n c ' l i n e d  manometer a i r  f i l t e r  ;' 

'f g a g e .  I The maximum r a n g e  of these u n i t s ; w a s  b . 7 "  H 2 0  d i f f e r e p t , $ a l  
p r e s s u r e .  T h e ,  
scale  c o n s i s t e d  o f , a  c o m b i n a t i o n  i n c l i n e d  a n d  v e r t i c a l  c o n f i g u r d -  
t i o n .  . T h i s  r e s u l t e d  i n  a much lower a c c u r a c y  of m a d i n g s  i n  t h e  
scale  r a n g e  r e q u i r e d  for ' chamber  r e a d i n g s .  h o t h e a r  n e g a t i v e  

. .  f a c t o r  i n  t h e  o r i g i n a l  manometer  g a g e s  was t h e i r  maximum sca,le 
r e a d i n g  of. 7" H 2 0  dp,. Normal c h a m b e r  o p e r a t i o n  r e q u i r e s  , a n  i n -  

I crease i n  chamber  a i r  f l o w s  a f t e r  e a c h , d a y ' s  e x p o s u r e  t o  remove  
t h e  c o n t a m i n a t e d  a t m o s p h e r e .  a n d  p e r m i t  e n t r a n C e  by t e c h n i c i a n s  
f o r  d a i l y  c h a m b e r  a n d  a n i m a l  m a i n t e n a n c e .  D u r i n g  t h i s  p e r i o d ,  

. t h e  flows r e q u i r e d  fo r  e f f e c t i v e  c o n t a m i n a n t  r e m o v a l  may e x c e e d  
t h e  m a n o t i e t e r ' s ' m a x i m u m  raticqb T h i s  o f t e n  r e s u l t e d  i n  t h e  
m e a s u r i n g  f l u i d  b e i n g  f o r c e d  i n t o  t h e  s e n s i n g  l i n e s  a n d  i n t o  t h e  
laminar  flow ' e l e m e n t s ,  r e q u i r i n g  t h e i r  r e m o v a l ,  c l e a n i n g ,  a n d  
r e c a l i b r a t i o n .  A t h i r d  d r a w b a c k  of t h e  o r i g i n a l  m e a s u r e m e n t  I '  

c o n f i g u r a t i o n  was t h e  p r o c e d u r e  for c a l l b , r a . C i o n  of t h e  u n i t s  by 
o p e r a t i n g  p e r s o n n e l .  I n c o r r q c t  c o n t r o l  s e t t i n g s  d ' u r i n g  c a l i b r a -  , 

t i o n  c o u l d  c a u s e  a b l o w - o u t  of t h e  m a n o m e t e r  f l u i d  a n d / o r  a f f e c t  
t h e  ' f l o w  c o n t r o l l i n g  t r a n s d u c e r  c a u s i n g  a d i , s t u r b a n c e  to c h a m b e r  
f l o w .  To cor.rect t h e  p r o b l e m s ,  t h e  . t u b i n g  c o n n e c t i o n s  f r o m  m a -  
n o m e t e r s  t o  t r a n s d u c e r s  were r e d e s i g n e d '  t o  p e r m i t  c a l i b r a t i o n  

, ' w i t h o u t  d i s t u r b i n g  t h e  f low c o n t r o l l e r .  A d d i t i o n a l l y ,  t h e  p r e -  
v i o u s l y  u s e d . m a n o m e t e r s  were r e p l a c e d  w i t h  p a n e l  m o u n t e d  w e l l -  
t y p e  u n i t s .  T h e s e )  m a n o m e t e r s  h a v e  a r e a d i n g  a c c u r a c y  of 2 1% a n d  
8 maximum scale  r e a d i n g  of 8" HzO d p ,  a c c o m m o d a t i n g  T h e  maximum 
c h a m b e r  . f l o w  r e a d i n g  e x p e c t e d  d u r i n g  b l o w - o f f  p r o c e d u r e s .  
F i n a l l y ;  i n  t h e  e v e n t  t h a t ' t h e  manometer  i s  s u b j e c t e d  t o  a n  ex- , 

c e s s i v e  p r e s s u r e  d r o p , '  t h e  u n i t s  are e q u i p p e d  w i t h  s a f e t y  t r a y s  
' 

o n ' b o t h  t h e  i n l e t  a n d  o u t l e t  por ts  t o  e l i m i n a t e  t h e  p o s s i b i l i t y  
of f l u i d  loss .  F o r  ease of r e a d i n g  a n d  c a l i b r a t i o n ,  t h e  rnano- 
meters w r e  m o u n t e d  o n  c o n t r o l  p a n e l s  located near t h e  f l o w  
t r a n s d u c e r s  a n d  l a m i n a r  f l ow e l e m e n t s .  

T h e  u n i t s  h a d  a n  a c c u r a c y  of 2 3% o f  f u l l  scale.  

" 

8 .  

' 

% 
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Chamber and Room P a i n t i n g  

A c o m p l e t e  r e n ' o v a t i o n  o f  t h e  c h a m b e r s  a n d  cham3er  a reas  was 
a c c o m p l i s h e d  d u r i n g  t h i s  r e p o r t  p e r i o d :  The chambers were com- 
p l e t e l y  s t r i p p e d  of p a i n t , a n d  r e c o v e r e d  w i t h  s e v e r a l  l a y e r s  of 
e p o x y  p a i n t .  A l l  e q u i p m e n t  was removed f o r  c l e a n i n g  a n d  r e n o v a -  
t i o n .  C o n c u r r e n t l y ,  a s q b c o n t r a c t  was l e t  t o  p r o v i d e  cicaning 
a n d  p a i n t i n g  of t h e  c h a m b e r  rooms. These areas  s t i l l  r e t a i n e d ,  
cho b l a c k  p a i n t e d  walls r e q u i r e d  f o r  p h o t o g r a p h i c  a n d  l i g h t  i n -  
c iderce-related s t u d i e s .  T h e s e  r e q u i , r m e n t s  were n o  l o n g e r  ap -  
p r o p r i a t e , .  so l i g h t  colors  were c h o s e n .  P a i n t i n g  of t h e s e  rooms 
r e s u l t e d  i n '  a v a s t l y  i rnprbved l i g h t i n g  c a p a b k l i t y  i n !  t h e  areas ' ' 

' 

I , I  

. L  

" II. 

3 1 u s  a s i g n i f i c a n t l y  i m p r o v e d  a p p e a r , a u c e ?  ' At t h i s  t i m e  t h e  base- 
ment, areas of each chamber f a c ' i l ' i t y  were also r e p a i n t e d .  

' 

! 
1 

; B r i d g e '  Crane S a i e t y  Yodif ications 
8 .  

A s  a r e s u l t  of t h e  i p a i n t i . n g  of t h e  chamber rooms, 'a problem 
w a s  d i s c o v e r e d  w i t h  t h e  b r i d g e  c r a n e s  u s e d  f o r  l i f t i n g  and lowe?- 
i n g  o f  t h e  Thomas D o m e  Chamber caps. P a i n t i n g  of th 'e  c r a n e  
mechanisms rescl t e d  i n  some' ( o v e r s g r a y  ' c o a t i k g  t h e  t r o l l e y ,  ,sur- ' 
faces of t h e  c r a n e  s u p e r s t r u c t u r e .  T h i s  r e d u c e d '  t h e  # g r o u n d i n g  ' 
c a p a b i l i t y  of t h e  t r o l l e y  a n d  t r o l l e y  t r a c k s .  I n s p e c t i o n  of t h e  
t y o  5-ton b r i d g e  c r a n e s , r e v e a l e d  t h e  a ' b s e n c e  o f  a d i r e c t  g r o u n d  
c o n n e c t i o n  t o  t h e  b u i l d i n g  s u p e r s t r u c t u r e .  Some o p e r a t i , n g  p e r -  
s o n n e l  r e c e i v e d  m i n o r  e l e c t r i c a l  s h o c k s  when o p e r a t i n g  t h e  b r i d g e  
crane. , R o u t i n e  u s e  of t h e  c r a n e  was s u s p e n d e d  u n t i ' l  a sa t i s fac-  
t o r y  s o l u t i o n  c o u l d  be i m p l e m e n t e d . .  Of t h e ' t , w o  b r i d g e  c r a n k s  i n  
t h e  f a c i l i t y ,  t h e s c r a n e  i n  Chamber Room A was t h e  simplest1 t o  
inodi fy .  Power was s u p p l i e d , t o  t h e  c r a n e  s u p e r s t r u c t u r e  by a ' 

3-wire-440V cord-reel s y s t e m .  The  reel '  h a d  p r o v i s i o n s  for a 
f o u r t h  wire w h i c h  was u t i l i z e d  for a ' g r o u n d  c o n n e c t i o n . '  A #10 
wire w a s  c o n n e c t e d  t o  t h e  b r i d g e  s t r u c t u r e ,  r o u t e d  t o  t h e  cord- 
reel c o , n n e c t i o n  a n d  f r o m  t h e  c o r d - r e e l  t o  t h e  b u i l d i n g  s t r u c -  
t u r e .  
t h , i s  m c k i f i c a t i o n  r e s u l t e d  i n  p o t z n t i u l . s  of less t h a n  1 ' v o l t .  , 1 

Thi.s  e l i m i n a t e d  any p o s s i b i l i t y  of p e r s o n n e l  e x p o s u r e  t o  hazard-  
' o u s  e l ec t r i ca l  p o t e n t i a l s  d u e  t o  i m p r o p e r  g r o u n d i n g .  The b r i d g e  

c r a n e  i p  F a c i l i t y  B r e q u i r e d  more e x t e n s i v e  m o d i f i c a t i o n s .  ? h i s  
c r a n e  was s u p p l i e d  power by a'3-wire power s y s t e m ,  s u p p l i e d  t o  
t h e  c r a n e  by a r a i l - r i d e r  s y s t e m  of e l e c t r i c a l  c o n n e c t i o n s .  T h i s  
s y s t e m  c o n t a i n e d  o n l y  three r a i l s ,  1 ,for e a c h ' l e g  of t h e  3-phase  
i n p u t  e l e c t r i c a l  s y s t e m .  To accommodate a g r o u n d i n g  c o n n e c t i a o n ,  
a f o u r t h  r a i l  w a s  i n s t a l l e d  a n d  c o n n e c t ? . '  o n ' o n e ' e n d  to t h e  
b u i l d i n g , s t r u c t u r e  a n d  o n  t h e  o t h e r  e n d  t o  t 'he  c x a n e  . s t r u c t u r e . '  
R i s  e l i m i n a t e d  h a z a r d o u s  e l e c t r i c a l  p o t e n t i a l s  f rom this 
e q u i p m e n t .  

Measurement  ,of t h e  c r a n e - t o - g r o u n d  v o l t a g e  p o t e n t i a l  a f t e r  

, 
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0 ' MULTI-USER TERMINAL SYSTEM 

TLe  s y s t e m  h a s  b e e n  m o d i f i e d  a n d  i m p r o v e d  s i g n i f i c a n t l y  o v e r  
, t h e  p a s t  y e a r .  E l e m e n t s  a d d e d  o r ' u p g r a d e d  i n c l u d e :  . ,  

1. Network  Compon'ents A c q u i s i t i o n  
2. ISM AT A c q u i s i t i o n  f o r  Ne twork  F i l e s e r v e r  
3. C o m m u n i c a t i o n s  C a p a b i l i t y  
4 .  Software P r o g r a m s  , 
5. P e r i p h e r a l  D e v i c e s  

8 

' The n e t w o r k  c o n f i g u r a t i o n  c o m p l e t i o n  was d e l a y e d  u n t i l  a 
1 ' 1 1  n e t w o r k  was a ' v a i l a b l e  w h i c h  not  o n l y  ha'd t h e  d e s i r e d  o p e r a t i n g  

f e a t u r e s ,  
s u p p o r t  iln a c o n t i n u a l l y  c h a n g i n g  m a r k e t .  

I '  

I b u t  a l so  w h i c h  m i g h t  be e x p e c t e d  t o  h a v e  s t a b i l i t y  a n d  
. W i t h  ' I B M ' s  a 'nnounce-  

, .  ' t h e  foca l  p o i n t  of o u r  d e s i g n .  D e l i v e r i e s  were d e l a y e d  b u t  a l l  
, m e n t  of a l o c a l '  area n e t w o r k  i n  b u g u s t  11984, t h a t  p r o d u c t  became ' 

c o m p o n e n t s  h a v e  now b e e n  r e c e i v e d .  , T , h e  d e l i v e r e d  n e t w o r k  com- ' 

p w 3 n t ; s  i n c l u d e  7 n e t w o r k  a d a p t e r  b o a r d s ,  1 f o r  each of t h e  
mul t i -qser  d a t a  te rmina ls .  T h e  s y s t e m  a l s o  i n c l u d e s  a n e t w o r k '  
t r a n s l a t i o n  u n i t  w h i c h  p r o v i d e s  c o n v e r p i o n  a n d  c o n t r o l  of t h e  
PC- to-ne twork  c o m m u n i c a t i o n s . i  F i l e  c o m m u n i c a t i o n  b e t w e e n  d a t a  , - 
t e r m i n a l s  of t h e  s y s t e m  i s  c u r r e n t l y  a c c o m p l i s h e d  v i a  e i th ,e r  
h a r d - w i r e d  c o n n e c t i o n s  a t  9600 b a u d / 9 5 0  characters  p e r  s e c o n d  or 
1200 b a u d / l 2 0  c h a F a c t e r s  p e r  s e c o n d .  
a c q u i r e d ,  c ,omrnunica t ions  p a c k a g e s  s u c h  as  C r o s s t a l k " '  or Asodm". 
With  t h e  c o m p l e t i o n  o f  t h e  n e t w o r k  s y s t e , m , ,  f i l e  t r a n s f e r s  'may b e  

I ,  accomplished a t  t h e  ra te  o f ' 2  M b i t s l s e c  o r  200,000 characters /  
s e c o n d .  This i n c r e a s e s  f i l e  t r a n s f e r  s p e e d s  by a f a c t o r  of 2 0 0 ,  , 

over p r e v i o u s  c a p a b i l i t y .  A n e t w o r k  o p e r a t i n g ' p r o t o q o l  i s  b e i n 5  
d e v e l o p e d  w h i c h  w i l l  e n c o m p a s s  f i ? . e  t r a n s ' f e r  p r o t o c o l s ,  s e c u r i t y  
r e q u i r e m e n t s ,  f i l e .  a n d  h a r d  d i s 4  b a c k u p  p r o c e d u r e s  a n d  p e r i p h e r a l  
s h a r i n g  a s s i g a t n e n t s .  The IBM n e t w o r k  s y s t e m  a l s o  i n c l u d e s  a n  
e l e c t r o n i c  m a i l  f u n c t i o n .  T h i s  p r o v i d e s  s e n d i n g  a n d  r a c e i v i , n g  o f  
m e s s a g e s  t 3 3  e a c h  t e r m i n a l  o n ' t h e  n e t w o r k  s y s t e m .  

from t h e  IBM t e r m i n a l s .  C o n s i d e r a b l e  m o d i f i c a t , i b n  t o  t h e  s o f t -  
' ware was r e q u f , r e d . t o  a c h i e v e  c o m p a t i b i l i t y ,  b e t w e e n  t h e  IBM sys -  

terns a n d ,  t h e  NBI  Model #4000 s y s t e m s .  ComrnunLcations h a v e  also 

of C a l i f o r n i a  c a m p u s '  a t  I r v i n e ; .  

T h e s e  u t i l i z e  c o m m e r c i a l l y '  
I 

8 *_. 

" 4, 
, .  . - .  

I I . . .  , 
. I  I 

I - ,  . 
, . . I .  

1 !I-/ . .  

I t  is now p o s s i b l e  t40 access t h e  NBI 4000 word processor 

4 b e e n  e s t a b l i s h e d  b e t w e e n  t h e  l o c a i  T H R U  o f f i c e  ' and  t h e  U n i v e r s i t y  *':I : - .  I 

, 

' * .  . ;;I r . .  An a d d i t i o n a l  t e r m i n a l  w a s ' a c q u i r e ' d  t o  h a n d l e  t h e ,  n e t w o r k  
f i l e - s e r v i n g  f u n c t i , o n .  The u n i t  a ' c q u i r e d  w a s  a n  IBM-AT. This :. 

I - 4' 

..:- .I  

..:..j , 
u n i t  h a s  .a more p o w e r f u l  m i c r o p r o c e s s o r ,  i n c r e a s e d  f i x e d  d i s k  - ..{ 

i '?  ' s t o r a g ' e  c a p a c i t y  a n d  a f a s t e r  o p e r a t i n g  s p e e d .  T h e  u n i t ' s  f i x e d  

3 

I 
4 

1 7 2  

- .. . .  . .  
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d i s k  h a s  a haximum s t o r a g e  c a p a c i t y  o f  20 m e g a b y t e s . '  This c a p a -  
c i t y  w i l l  allow' b a c k u p  of t h e  t o t a l  c a p a c i t y  o f ,  t h e  10 m e g a b y t e  
f i x e d ' d i s k  d r i v e s  on e a c h ' o f  t h e  IpM-XT's i n  t h e  n e t w o r k  sys- ' 

tern. The IBM-AT o p e r a t e s  a t  a p p r o x i m a t e l y  3 times t h e  s p e e d  09 
t h e  IBM-PC or IBM-XT. 
E n g i n e e r i n g  D e p a r t m e n t .  The f a s t e r  s p e e d  w i l l  e n h a n c e  t h e  h e a v y  
r e q u i r e m e n t s  r e q u i r e d  o f  s o f t w a r e . p r o g r a n m i n g  i n v o l v e d  i n  assem- 
b l i n g ,  l i n k i n g ,  a n d  c o m p i l i n g  " c o m p u t e r  l a n g u a g e s .  The'  u n i t  was 
i n s t a l l e d  i n  place o f ' a n  e x i s t i n g  IBM-XT w h i c h  was ' r e l o c a t e d  t o  

The  u n ' i t  f u n c t i o n e d  w i t h o u t  d i f -  
i d  a p e r a t i n g  t h e  p e r i p h e r a l s  w h i c h  h a d  b e e n  c o n n e c t e d .  t o  

t h e  icul *I8 ti - X T , * . i n c l u d i , n g  a835 m e g a b y t e  f i x e p , d i s k " m a n u f a c t u r e d  by .  I 

T a l l g r a s s . ,  F u l l  i m p l e m e n t a t i o n  o f  t h e  IBM-AT i n t o  t h e  IBM ' ne t - '  
work s y s t e m  w i l l  a 1 L o . w  b a c k i n g  u p  o f  d a t a  o n t o  c a r t r i d g e  t a p e s  
from a n y  te r rngnal  a t tached  t o ' t h e  ' n e t w o r k , o r  t h e  d o w n l o a d i n g  o f  
s o f t w a r e  updates f o  a n y o t e r m i n a l  f r o m  t h e  c e n t r a l  s y s t e m .  .Pro- 
c e d u r e s  s u c h  a s  t h e s e  shouZd g r e a t l y  s i m p l i f y  t h e  a d r n i n i s  t r a t i o n  
o f  ne ' twork  p r o g r a m s  a n a ,  s e c u r i t y .  

. 'This u n i t  h a s  b e e n  i n s t a l l e d  i n ' t h e  , 

. t h e  A d , m i n i s t r a t i o n  D e p a r t m e n t .  

' I 

' I  S e - v e r a 1  sof twarer p r o g r a m s ' ,  h a v e  , b e e n  i m p l e m e n t e d  on t h e  v a r -  
i o u s  t e r m i n a l s  a n d  a p p l i c a t i o n s  a r e  b e i n g  d e v e l o p e d .  L o t u s  . '  

1-2-3' h a s  been e s t a b l i s h e d  o n  t h e  T e c h n ' i c a l  Services  t e r m i n a l ,  
t h e  A d m i n i s t r a t i o n  t e r m i n a l ,  ' t h e  C h e m i s t r y / T o x i c o l o g y  t e r m i n a l ,  
a n d  t h e  E n g i n e e r i n g  t e r m i n a l .  

b e i n g  h e a v i l y  u t i l i z e d  pn t h e  A d m i n i s t r a t i o n  t e r n i i n a l  in conjunc- 
t i o n  with, 'Symphony'  a p p l i c a t i o p s  a l s o  i n  u s e  a t  t h e  I r v i n e  cam- 
pus. Several data base a p p l i c a t i o n s  are b e i r , g  e v a l u a t e d '  a n d  
d e v e l o p e d  by t h e  T e c h n i c a l  S e r v i c e s  Data p e r s o n n e l .  
c l u d e  e v a l u a t i o n s  of.. t h e  f e a s i b i l i t y  of . L o t u s  1-2-3" i n  da t abase '  

, . a p p l i c a t i o n s  s u e h  as t h e  E n g i n e e r i n g  Work O r d e r  P r o g r a m .  , F u r t h e r  
e v a l u a t i o n  of d i f f e r e n t  software P a c k a g e s  i s .  b e i n g  c o n d u c t e d  t o  

Symphony- h a s  a l s o  b e e n ,  i m p l e w e n t e d  c3 . t h e s e  s y s t e m s  a n d  i s  
I 

T h e s e  i n -  

+3 '4 : , a r r i v e  a t  a s t a n d a r d i z e d  s o f t w a r e  g r o u p  t o  b e ' i n s t a l l e o  o n  e a c h  
t e r m i n a l  s y s t e m .  This s o f t w a r e  g r o u p i n g  w i l l  b e  i m p l e m e n t e d  a n d ,  . .  

f I _- 
r o u t i n e l y  u p d a t e d  'as new software v e r s i o n s  become a v a + l a b l e .  
p a c k a g e  ,of s t a n d a r d  software c u r r e n t l y  ant ; c i p z  :=d would i n c l u d e  
t h e  f o l . l o w i n g  c a t e g o r i e s :  

T h e  

1 '  
. I  

1. Word P r o c e s s i n g  
2. S p r e a d  S h e e t  , 

3. . D a t a  Base 
, 4 .  C o m m u n i c a t i o n s  

5 .  G r a p h i c s  
I ,  

O t h e r  s p e c i a l i z e d  s o f t a r a r e  w o u l d  be a v a i l a b l e  o n  a p e r  t e r -  
m i n a l  bas i s .  A l l o c a t i n g  software i n  t h i s  manner  s h o u l d  s i m p l i f y  
m a i n t a i n i n g  c o n t r o l  o f  s o f t w a r e  a p p l i c a t i o n s .  C o n t r o l  t e c h n i q u e s  
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s h c u l d  a lso p r e v e n t  t h e  pregence, of m u l t i p l e  ,software ' p rog rams  
b e i n g  u s e d  t o  accomplish t h e  same r e q u i r e m e n t s .  This i s  p a r t i c u -  
l a r l y  c r i t i c a l  i n  t h e  areas  of e x p e r i m e n t a l  da t a  a n a l y s i s  a n d  
r e d u c t i o n .  , 

A d d i t i o n a l  p e r i p h e r a 1 . u n i t . s .  a re  b e i n g  a c q u i r e d  f o r  u t i l i z a -  ' 

t i o n  w i t h  t h e  Mul t i -Use r  T e r m i n a l   system. , S e v e r a l  p l o t t e r s  are,  
b e i n g  a c q u i r e d  for  g r a p h i c a l  o u t p u t  from t h . e  sys , tem data  Lerrni- 

P l o t t e r s  w i l l  be loca ted  a't t h e  S t a t i s t i c s  d a t a  terminal ,  
t h e  Q u a l i t y  A s s u r a n c e  d a t a  t e r m i n a ' l  a n d  t h e  E n g i n e e r i n g  d a t a . t e r -  
m i n a l . ,  These p l o t t e r s  w i l l  p r o v i d o , g r a p h i c a l  o u t p u t  f rom so f t -  

' 'ware programs s u c h  as L o t u s  1,-2-3" ' spread sheet  packages, a n d  
g r a p h i c s  o u t p u t  package's s u c h  . a s  E n e r g r a p h i c s " . .  
capable ,  w i t h  t h e  p r o p e r t s o f t w a r e , '  of p r o v i d i n g  camera - ready  
copy .  A n o t h e r  p e r i p h e r a l  b e i n g  added  t o  t h e , s y s t e m  is a laser -  

' p r i n t e r .  The laser p r i n . t e r  w i l l  be a s h a r e d  p e r i p h e r a l  o n  t h e  
n e t w o r k  s y s t e m  w h i c h  w i l l  p r o v i d e  h i g h - s p e e d  l e t t e r - q u a l i t y  
p r i n t i n g  for a n y  t e r m i n a l  on. t h e  s y s t e m .  L o c a t i o n  of . t h e  p r i n t e r  
may be a t  a n y  of t h e  da ta  t e r m i n a l s .  Nominal  speed of these ' 

t y p e s  of l aser  p r i n t e r s  i s  8 p f & g e s / m i n u t e  o f  l e t t e r - q u a l i t y  copy. 

, n a l s .  

h e s e  u n i t s  a18 

, 
PARTICLE DEPOSITION ANI) CLEARANCE FROM THE LnNGS 

OF 4 STRAINS OF MALE RATS 

I n t e r s p e c i e s  .o r  s t r a i n  d i f f e r e n c e s  13 t o x i c i t y  can '  o f t e n  be 
u s e f u l  i n  e l u c i d a t i n g  a ' s p e c i f i c  t o x i c  mechanism or pathway.  4 : 
C o n v e r s e l y ,  unknown species or  s t r a i n  d i f f e r e n c e s  c a n  c a u s e  con-  
f u s i o n  i n  c o m p a r j n g  data  f rom s e v e r a l  laborator ies  w h e n . d i f f e r e n t  
s t r a i n s  a re  u s e d .  I n  t h e  ca se 'o f  i n h a l e d  p a r t i c l e  d e p q s i t i o n  a n d  
c l e a r a n c e ,  v a r i a b l e  r e s u l t s  have  b e e n  r e p o r t e d  i n  s t u d i e s  u s i n g  

component  a l v e o l a r  c l e a r a n c e  c u r v e  for Long-Evans r a t s  b u t  o n l y  
o n e  component  f o r  F i s c h e r  344 r a t s .  C h a n ' e t  a l .  ('1981) a n d ' W o l f f  

F i , s c h e r  344 r a t s .  I n  a d d i t i o n ,  B i a n c o  e t  a l .  (1980) found o n l y  
o n e  a l v e o l a r  c l e a r a n c e  cpmponent  for Sprague-DawXey ra t s ,  where'as 
Newton a n d  P f l e d d e r e r  (1985) f o u n d  a 2-component c u r v e .  Some of 
t h e  d i s p a r i t i e s  may be a t t r i b u t e d  t o  p a r t i c l e  s i z e  and  cornpo- 
s i t i o n  or t o  measurement  t e c h n i q u e s  b u t  t h e y  a l so  may r e s u l t  f r o m  

' ' t r u e  i n t e r s t r a i n  d i f f e r e n c e s .  The o n l y  i n t e r s t r a i n  s t u d y  u s i n , g  
t h e  same par t ic les  a n d  t e c h n i q u e s  ( F e r i n . a n d  Morehouse ,  1980) d i d  
s h o w  a d i f f e r e n c e  b e t w e e n  t h e  Sischer 344 a n d  Losg-Evans rats. 

I d i f f e r e n t  r a t  s t r a i n s .  F e r i n  a n d  Morehouse (1980) shoaed a 2- 

e e t ,  a l .  (1982), however ,  d i d '  f i n d  a 2-component  c u r v e  for t h e  I 

3 

' I n  -order  t o  S e t t e r  document  i n t e r s t r a i n  d i f f e r e n c e s ,  t h e  
p a t t e r n  of d e p o s i t i o n ,  r e c r u i t m e n t  o f  macrophages, a n d  clearance 
of i n h a l e d  r ad io l abe led ,pa r t i c l e s  was m e a s u r e d  i n  4 s t r a i n s  of 

I 

' I .. 

' I  

! 

9 
I .  

I 

I 

1 ,  

I .  

8 . 
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ra t  commonly u s e d  i n  t o x i c o l o g i c  i n y e s t i g a t i o n s :  S p r a g u e - D a w l e y ,  
F i s c h e r  3 4 4 ,  Wistar a n d  Long-Evans .  

EXPERIMENTAL 

Experimental Approach 

T . h e ' 4  s t r a i n s  of r a t s ,  ( 3 3  r a t s / s t r a i n )  were e x p o s e d  v i a  ~ 

, ' i n h a l a t i o n  t o  ' r a d i o l a b e l e d  microspheres.  Imrned5ate ly  f o l l o w i n g  

p e n t o b a r b i t a l  i .p.  a n d  t h e  r a d i o a c t i v i t y  of t h e i r  e x c i s e d  l u n g s  
d e t e r m i n e d  to,  e v a l u a t e  a n y  d i f f e r e n c e s  i n  t o t a l  d e p o s i t i o n .  i n  
a d d i t i o n , ' 2  r a t s l s t r a i n  were s a c r i f i c e d  f o r  e x b i s e d  l u n g  r a d i o -  . .  

a c t i v i t y  m e a s u r e m e n t ' s  a t  12, 2 4 ,  48, 72, a n d  96 h o u r s  p o s t d e p o , s i -  

l o n g e r  i n t e r f e r e d  w i t h  t r a c h e a - l u n g  v a l u e s  m e a s u r e d  e x t e r n a l l y ' ? , ~  
t h e  t h o r a x .  (Newton a n d  P f l e d d e r e r ,  1985). Ser i a l  r n e a s u r e m e h t s  of 
thoracic  r a d i o a c t i v i t y  were made on a n  a d d i t i o n a . 1 ,  15 r a t s / s t r a i n  

' p a r t i c l e  i e p o s i i i o n ,  8 r a t s / s t r a l n  were; s a c r i f i c e d  w i t h  ,50  mg/kg 1 . '  

, t i o n  t o  d e t e r m i n e  when g a s t r o i n t e s t i n a l  ( G I )  r a d i o a c t i v i t y  n o  

' 

from 30 h o u r s  t h r o u g h  40 d a y s  p o s t d e p o s i t i o n .  / 

A s e c o n d  s t u d y  was c o n d u c t e d  s i m i l a r l y  e x c e p t  t h e  p a r t i c l e s  
were d i p o s i t e d  by i n t r a t r a c h e a l  i n s t i l l a t i o n  w h i c h  a v o i d e d  t h e  
l a r g e  b o l u s  of n o n p u l m o n a r y  d e p o s i t e d  p a r t i c l e s  p a s s i n g  t h r o u g h  
* t h e  G I  t r ac t .  I n  a d d i t i o n ,  d u r i n g  this s e c o n d # : s t u d y ,  4 .  

, 1 r a t s / s t r a i n  were sac,rfficed 'at 2 ,  4, 6 ,  'lO,.l4, a n d  17 d a y s  
I p o s t d e p o s i t i o n  . a n d  t h e  n,umber of a l v e o l a r  m a c r o p h a g e s  was 

, d e t e r m i n e d  by pulmor i r ry  l a v a g e .  
8 .  , t  

Radiolabeled Xicrospheres 

P o l y s t y r e n e  l a t e x  m i c r o s p h e r e s  (PSL) l a b e l e d '  w i t h  a t i g h t l y ,  
b o u n d  5 1 C r  i s o t . o p e  (28-day h a l f  l i f e ,  0 .32  M e V  gamma e n e r g y  emis.- 
s i o n )  were u s e d  ( A p p l i e d  P o l y m e r  T e c h n o i o g y  , Costa Mesa, 
C a l i f o r n i a ) .  
r a te  o f  5 1 C r  f r o m  t h e s e  p a r t i c , l e s  o f  less t h a n  O . i % / d a y  ( H i n r i c h s  
e t  a l . ,  1918). 

, I  

I n  v i t r o  l e a c h i n g  s t u d i e s  5 A d  i z z i c a t e d  a , l e a c h i n g  

3 .  

, . ,  
Yicrosphere Exposure System 

I )  

I n  t h e  f i r s t ' s t u d y ,  t h e  m i c r o s p h e r e s  were d e p o s i t e d  by i n b a -  
l a t i o n  i n  a n  e x p o s u r e .  s y s t e m  t h a t  c o n s i s t e d  of a ?  aerosol  genera- 
tor, e x p o s u r e  unit a n d  , c o n t a i n r n e n , t  e n c l o s u r e .  A L o v e l a c e - t y p e  
compressed-air n e b u l i z e r  ( A R I E S ,  D a v . i s , '  C a l i f o r n i a )  was opera ted  
a t  40 p s i g  t o  g e n e r a t e  t h e  aerosol .  . Th8  r e s e r v o i r  c o n t a i n e d  a 
0.1% s u s p e n s i o n  of s l C r  l a b e l e d  PSL p R r t i c l e s  w i t h  a t o t a l  a c t i v -  
i t y  of a b o u t  5 m C i .  The  r e s u 1 t a n t : a e r o s o l  w a s  c h a r a c t e r i z e d  
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i I 

u s i n g  a s e v e n  s t a g e  M e r c e r - t y p e  c a ' s c a d e ,  i m p a c t o r - ( A R I E S ,  D a v i s ,  
C a l i f o r n i a )  a n d  h a d  a mass m e d i a n  a e r o d y n a m i c  diameter of 1 . 6  Dm 
a n d  a g e o m e t r i c  s t a n d a r d  d e v i a t i o n  of 1.4.' A f t e r , ' n e b u l i z a t i o n ,  
t h e  p a r t i c l e s  w e r e  mixed w i t h  a d i l u t i n g  a i r  stream w i t h  a t o t a l  
f l o w  of 17 L/m a n d  hea ted  t o  7 O o C  for d r y i n g .  I n  o rde r  t o  n e u - '  
t r a l i z e  t h e  a e r o s o l ,  t h e  a i r  stream t h e n  f l o w e d  t h r o u g h  a 1 mCi 
85 Kr d e i o n i z e r  ( T S I ,  S t .  P a u l ,  M i n n e s o t a ) .  The  aerosol  was- t h e n '  
i n t r o d u c e d  i n t o  a small a n i m a l ,  'nose o n l y  e x p o s q r e  , u n i t  ( I N T O X ,  
A l b u q n e r q u e ,  N e w  M e x i c o ) .  T h e  t o t a l  a c t ' i v i t y  , w i t h i n  t h e  c h a m b e r  
w a s  a p p r o x i m a t e l y  250 V C i .  The rat's were h e l d  i n  25.14 c m  long, , 
6.,3 c m  diameter p l a s t i c  t u b e s  d r i t h  a n  a d j u s t a b l e  t a i l g a t e  a n d  ' ' 

were e x p o s e d  f o r  20 m i n u t e s .  

' 

T h e  aerosol w a s  e x h a u s t e d  t h r o u g h  a b s o l u t e  p a r t i c l e  f i l t e r s  
w h i c h  e n t r a p p e d  t h e  r ad io l abe led  , p a r t i c l e s  €or s u b s e q u e n t  d i s -  
posa l .  T h e ' e x p o s u r e  u n i t  w a s  h e d d  s l i g h t l y  b e l o x  a m b i e n t  pres-  
sure  t o  p r e c l u d e  ' loss of aerosol  t h r o u g h  t h e  a n i m a l  I h o l d i n g  

) I  t u b e s .  I .  1 .  

T h e  e n t i r e  e x p o s u r e  u n i t  w a s  loca ted  w i t h i n  a s e c o n d a r y  
c o n t a i n m e n t  s y s t e r n  w i t h  a n  a i r f l o w  of 650 CFM an,d a d o w n s t r e a m  
HEPA f i l t e r  t o  e n t r a p  a n y  r a d i o l a b e l e d  p a r t i c l e s  w h i c h  m i g h t  
escape. 

I 

Microsphere Instillation 
, I  . I  

I n  t h e  s e c o n d '  s t u d y ,  t h e  r a d i o l a b e l e d  ' m i c r o s p h e r e s  were 
1 

d e p o s i ' t e d  by i n t r a t r a c h e a l  i n s t % l l a t i o n .  The ;ats were a n e s -  ' 
t h e t i z e d  w i t h ' a  4% H a l o t h a n e - o x y g e n  m i x t u r e  for 5 m i n u t e s ,  
i n t u b a t e d  ( N i c h o l s o n  a n d  K i n k e a d , ' l 9 8 2 )  a n d  0.3 mL o f  t h e  d i l u t e d  
m i c r o s p h e r e  s o l u t i o n  i n s t i l l e d  t o  g i v e  t h e  ra t s  t h e , s a m e  a p -  
p r o x i m a t e  ' t ho rac i c  load of p a r t i c l e s  a s  t h e  r a t s  e 'dposed  vi!a 
i n h a l a t i o n .  

. *  
! 

I 4 ,  

BadioactPvity Yeasurements 
I ,  ' ' 0  

E x t e r n a l '  t h o r a c i c  r a d i o a c t i v i t y  m e a s u r e m e n t s  were made b y ,  ' ' 

p l a c i n g  t B e .  r a t  i n  a h o l d i n g  t u b e  w i t h i n  a n  a n n u l u s  s h a p e d  NaI '  
( l ' 1 ) 'de tec tor  15 c m  l o n g  a n d  s h i e l d e d  b y  lead  t o  f a v o r  d e t e c t i o n  
o f  t h e  r a d i o a c t i v i t y  w i t h i n  t h e  t h o r a c i c  c a v i t y .  I n  t h e  s e c o n d  
s t u d y ,  a 7 . 5  c m  l o n g  detector  w a s  u s e d  t o  f u r t h e r  r e d u c e  m e a s u r e -  
m e n t  of e m i ' s s i o n s  e m a n a t i n g  from t h e  lower G I  t r a c t .  
c h a n n e l  a n a l y z e r  (Model  #30, C a n b e r r a ,  M e r i d e n ,  C o n n e c t i c u t )  i n -  
t e g r a t e d  c o u n t s  i n  t h e ' e n e r g y  r e g i o n  of i n t e r e s t .  A l l  t h o r a c i c  
r a d i 0 a c t i v i t . y  m e a s u r e m e n t s  were made t o  o b t a i n  e minimum of 1000 
c o u n t s .  The  h o l d i n g  t u b e s .  for t h e  r a d i o a c t i v i t y  m e a s u r e m e n t s  

A multi- 
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I .  

I 

I '  

were 2 5 . 4  cm l o n g  a n d  6 . 3  cm i n  d i a m e t e r  w i t h  an a d j u s t a b l e  t a i l -  
g a t e .  The  f r o n t  e n d  of t h e  t u b e  had a 1.3 cm diameter c o n c e n t r i c  
h o l e  i n t o  w h i c h  t h e  rats would  v o l u n t a r i l y  h o l d  t h e i r  n o s e s .  
This s t a n d a r i z e d  t h e  p o s i t i o n  o f  t h e  r a t  w i t h i n  t h e  t u b e  for t h e  
s e r i a l  r a d i o a c t i v i t y  m e a s u r e m e n t s .  

Lung Lavage 
, -  

I 

The r a t s  w e r e . a n e s $ h e t i z e d  w i t h  50 mg/kg p e n t o b a r b i t a l ,  
Y 'n ' tuba ted '  a n d '  t h e n  e * x s a n g u i c a t e d  by c u t t i n g  t h e  a b d o m i n a l  ao r t a .  
T h e  l u n g s  were f l u s h e d  i n  s i t u  w i t h  6 washes ( 2 3  mL/kg) of 0.9% 
s a l i n e .  Each  w a s h  was i n j e c t e d  by s y r i n g e ,  . h e l d  for 1 m i n u t e  
w i t h  g e n t l e  e x t e r n a l  m a s s a g e  a n d  t!ien w i t h d r a w n .  The  washes were 
c0mbine.d a n d ,  s p u n  down$ u s i n g  a refrigerated,centrifuge. The c e l l  
p e l l e t  w a s , r e s u s p e n d e d  i n  1 rnL 0.9%. s a . l i n e  a n d  t o t a l  w h i t e l c e l l  
a n d  d i f f e r e n t i a l  c o u n t  d e t e r m i n a t i o n s  m a d e ' u s i n g  a P a p a n i c o l a o u ' s  
s ' t a i n .  

, , , 

' '\ 

Experimental AnimalF 

S i x t y - d a y  o l d  male r a t s :  Sprague-Dawley  (2510-313 g ) ,  Wistar 
(247-315 g ) ,  Long-Evans (2Sa-326 g ) ,  a n d  B i s c h e r  344 (161-199 g )  
w e r e ' u s e d .  C u l t u r e s  f r o m  ra ts  s a c r i f i c e d  for q u a l i t y  c o n t r o l  
d e t e r m i n a t i o n s  were f r e e  o f  M>coplasrna p u l m o n i s .  The  a n i m a l s  h a d  ~ 

f o o d  a n d  water a d  l i b i t u m  e x c e p t  d u r i n g  tQe  aerosol e x p o s u r e  a n d  
r a d i o a c t i v i t y  m e a s u r e m e n t  p e r i o d s .  Food was P u r i n a  F o r m u l a  
#5008, a n d  t h e  water w a s  s o f t e n e d  alnd d i d  n o t  e x c e e d  17 ppm h a r d -  
n e s s  m e a s u r e d  as  c a l c i u m  c a r b o n a t e .  F o r  1 2  d a y s  p r i o r  , t o  t h e  
s t u d y ,  t h e  a n i m a l s  were c a g e d  i n  a s i n g l e  l a y e r  i n  w i r e  bo t tomed 
R o c h e s t e r  c h a m b e r s  i n  order  t o  p r o v i d e ' a s  l d u s t - T r e e  a p r e e x p o s u r e  

, e n v i r o n m e n t  as p o s s i b l e .  A f t e r ,  t b e  aerosoi e x p o s u r e s ,  t h e  a n i -  
m a l s  were h o u s e d  i n  wire bottomed c a g e s  i n  a lamiiar  f l o w  room. 

i, 

I 

i., 
v ,  

S t a t i s t i c a l  Analy si's 

A 2-component  e x p o n e n t i a l  c u r v e  was f i t t z d  t o  t h e  e x t e r n a l  
t h o r a c i c  r a d i o a c t i v i t y  d a t a  f o r  each ra t  usi'nk n o n l i n e a r  resres- 
$ i o n  a n a l y s i s .  A l l  data  were c o r r e c t e d  f o r  t h e  p h y s i c a l  decay of 
t h e  5 1 C r .  I Copqparison among t h e  s t r a i n s  o f  t h e  i n t e r c e p t  for  each 
c o m p o n e n t  was made by a 1'-way a n a l y s i s  of v a r i a n c e  followed b y  1 

T u k e y ' s  m u l t i p l e  cornparisor? p r o c e d u r e .  The Kruskal-Wall is  n e t h o d  
of a n a l y s i s  of v a r i a n c e  fol lowed by D u n n ' s  n o n p a r a m e t r i c  method 
of m u l t i p l r !  c o m p a r i s o n s  were u s e d  f o r  c o m p a r i s o n  o f  t h e  half l i f e  
d a t a .  An F - r a t i o  or c h i - s q u a r e  v a l u e  w i t h  p < 0.05 was d e f i n e d  
a s  s t a t i s t i c a l l y  s i g n i f i c a n t .  
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F i g u r e  13 s h o w s  a 2-component  a l v e o l a r  c l e a r a n c e  c u r v e  f o r  3 
of t h e  4 s t r a i n s  ( S p r a g u e - D a w l e y ,  Long-Evans a n d  Wistar) w i t h  a 
break p o i n t  b e t w e e n  t h e  two c o m p o n e n t s  a t  a b o u t  8 d a y s  p o s t - ,  
d e p o s i t i o n .  
c o m p o n e n t  s t a t i s t i c a l l y .  T h e  f i r s t  three p o i n t s  d i d  show a t r k n d  
t o w a r d  an e a r l y  component  b u t  t h e  d a t a '  were i n s u f f i c i e n t  f o r .  t h e  
n o n l i n e a ' r  r e g r e s s i o n  p r o g r a m  t o  estimete t h i s  ear l :y  c o m p o n e n t '  o n  
a n  i n d i v i d u a l  r a t  b a s i s .  T a b l e  79  p r e s e n t s , t h e  c a l c u l a t e d  i n t e r -  
cepts  a n d  h a l f  l i v e s  f o r ,  t h e  two c o m p o n e n t s  a n d  s h o w s  s i g n i f i c a n t  
d i f f e r e n c e s  among, t h e  s t r a i n s , .  These d i f f e r e n c e s  o c c u r r e d  b o t h  
i n  t .h ' e '  ih te ' rc ' ep ts  ors t h e *  a m o u n t ,  b e i n g  c l e a r e d ,  i n  each, c o m p o n e n t  
a n d ,  i n  t h e  h a l f  l i v p s  'or r a t e s  o f '  c l e a r a n c e  i n  each c d m p o n e n t .  
T h e r e ,  was n 3  s i g n i f i c a n t  d i f f e r e n c e  among t h e  s t r a i n s  i n  the  
t o t a l  amount  of p a r t i c l e s  d e p o s i t e d .  

The Fischer ,344 ra t s  d a t a  d i d  n0 . t  show t h i s  f i r s t  

TABLE 79. XINETIC CONSTANTS OF PULMOdARY CLEARANCE OF 
RADIOLABELED MICROSPHERES DEPOSITED - B Y  INHALATION 

A l v e o l a r  Component #1 A l v e o l a r  Component # 2  

Rat S t r a i n  H a l f  L i f e a  I n t e r c e p t b  H a l f  L i f e a  I n t e r c e p t b  J- ' 

F i s c h e r  344 N/ A N/A 35.9 f 0.7* 36281 2 193* ,16 

I Long-Evans 3.4 f 0.6+ 916 f 147+ 37.4 f , 2 , 9 * +  2976 2 2551 , 15 

Sprague-Dawley 1.4 f 0.2* 2027 f 379* 39.9 f 2.3*+ 3116 f 275* 12 

I 
I 

Wistar 3 . 9  f l o o +  966 f 366+ . 5 9 . 1 '  f 9.2+ 3254 f 285* 9 

I 

L 
i 

a Valves ( d a y s )  w i t h  d i f f e r e n t  symbols ( +  or  * )  are s i g n i f i c a n t l y  
d i f f e r e n t  by Dum's n o n p a r a m e t r i c  m u l t i p l e  c o m p a r i s o n  method. 
V a l u e s  ( c o u n t s / m i n u t e )  w l t h  d i f f e r e n t  symbols (+ o r  * )  a r e  
s i g n i f i c a n t l y  d i f f e r e n t  by Duncan ' s  m u l t i p l e  c o r n p a r i s o n  method.  

I .  

P r e v i o u s  r e s u l t s  u s i n g  a 7 . 5  c m  d e t e c t o r  (Newton a'nd 
P f l e d d e r e r ,  1985) showed t h a t  e x t e r n e l  thoraci'c r a d i o a c t i v i t y  
m e a s u r e m e n t s  a c c u r a t e l y  r e f l e c t e d  e x c i s e d  t r a c h e a - l u n g  m e a s u r e -  
m e n t s  30 h o u r s  p o s t d e p o s i t ! o n .  T h e  d a t a  r e p o r t e d  here w i n g  a 
new 15 cm d e t e c t o r  d i d  n o t  a c c u r a t e l y  r e f l e c t  e x c i s e d  t r a c h e a -  
lung m e a s u r e m e n t s  u n t i l  96 h o u r s  p o s t d e p o s i t i o n .  T h e r e f o r e ,  t h e  
i n s t i l l a t i o n  s t u d y  was c o n d u c t e d  u s i n g  t h e  o r i g i n a l ,  srmller 
d e t e c t o r .  F i g u r e  14 shows t h e  r e t e n t i o n  o f  lung r a d i o a c t i v i t y  
a f t e r  t h e  i n s t i l l a t i o n .  With t h e  d a t a  now s t a r t i n g  a t  18 h o u r s  
p o s t d e p o s i t i o n  i n s t e a d  of 96 h o u r s ,  a l l  f c u r  r a t  s t r a i n s  s h o w e d  a 
two c o m p o n e n t  a l v e o l a r  r e t e n t i o n  c u r v e  o v e r  t h i s  t i m e  p e r i o d .  

i 

I 
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LOURS POST DEPOSITION 
F i g u r e  14. C l e a r a n c e  of '51Cr l a b e l e d  p o l y s t y r e n e '  l a t e x  micro- 

s p h e r e s  (1.5 u m )  d e p o s i t e d  by i n t r a t r a c h e a 1 , i n s t i l -  
l a t i o n  from t h e , l u n g s  of 4 s t r a i n s  of male r a t s .  

I 1  \ I  

.. ." . 
. T a b l e  80 p r e s e n t s  t h e  c a l c u l a t e d  i n t e r c e p t s  a n d  h a l f  l i v e s  'for 
t h e  two c o m p o n e n t s  a n d  a g a i n  s i g n i f i c a n t  d i f f e r e n c e s  ainong t h e  
s t r a i n s  are seec. 

F i , u r c  1.5 shcws t h e  . r e c r u i t m e n t  o f  m a , c r o p h a g e s  i n t o  t h e  
a l v e o l a r  s p a c e  which  w a s  i n d u c e d  b y  t h e  i n s t i l l a t i o n  of t h e  par-  
t i c l e s .  
e f f e c t  i n  t h e  number of p a r t i c l e s  r e c r u i t e d ' a t  4 d a y s  p o s t -  
i n s  t i 1 l a t  i o n .  

A n a l y s i s  of v a r i a p c e  showed a s i g n i f i c a n t  rat s t r a i n  
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TABLE 80.  KINETIC CONSTANTS OF PULMONARY CLEARANCE OF' 
RADiOLABELE9 MICROSPHERES DEPOS'ITED BY 

INTRATRACHEAL INSTILLATION 
Alveolar ,Component #1 A1 veolar Component # 2  

Rat Strain Half Lifea Interceptb Half Lifea Interceptb - N 
, 

Fischer 344 ,3.9'$ 0.6* 2731, f 254* 53.4 f 1 0 3 *  6370 2 316+ , 11 

Long-Evans 2.1 f 0.2+ 3187 f,220+ 35.0 , f 3.4* 5936 A 230* 13 

Sprague-Dawley 2.9 f 0.6* 2580, f 158* 49.9 2 6.2*+ 5617 k 262*+  ' 1 2 '  

Wistar 2.7 2 0.4+ 3667 5 773+ 53.3 f 17.3+ 4 4881 2 366+ 

I ,  I ,  
< I  1.1 

! 1 ,  

9 

a Values(days) with different symbols (+  or * )  are, significantly 
different by Dunn's nonparametric.multiple comparison method. ' 

ValuesCcountsjminute) Cith different symbqls ( e  or * )  are 
significantly different by Duncan's multiple comparison method. 
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DRYS POST ~NSTILLATION 
Figure 15. Recruitment in 4 rat strains of pulmonary macro- 

phages  induced by intratracheal instillation o f  5 1 c : r  
labeled microspheres. 



DISCUSSION 
. ,  

' The ra te  of c l e a r a n c e  o f  p a r t i c l e s  d e p o s i t e d  w i t h i n  t h e  
, , l u n g s  i s  i n t i m a t e l y  re la ted  t G  t h e i r  , s i t e  of d e p o s i t i o n . .  Any 

a l t e ' r a t i o n  in t h e  p a t t e r n  o f  p a r t i c l e  d e p o s i t i o n  can a f f e c t  t h e  . .  i 
. . s u b s e q u e n t  c l e a r a n c e  of these p a r t i c l e s  from t h e  l u n g s .  T h e r e -  , 

f o r e ,  it, is  e s s e n t i a l  t o  e v a l u a t e  d e p o s i t i o n  i n  c o n j u n c t i o n  with 
a n y  e v a l u a t i o n  o f  c l e a r a n c e .  B 'ecause  t h e  4 s t r a i n s  were e x p o s e d  
i n  t h e  same manner  t o  t h e  same p a r t i c l e s ,  t h e  o h l y  d i f f e r e n c e s  i n  
d e p o s i t i o n . e x p e c t e i  would  be d u e  t o  d i f f e r e n c e s  i n  v e n t i l a t o r y  
p a t t e r n s  o r  l u n g  a n a t o m y .  The F i s c h e r  3 4 4  r a t  was s i g n i f i c a n t l y  ~ I, , 1 ,, 

a ' s m a l l e r ' t h a n  t h e ' c s t h e r  3 s t r a i n 3  a n d  therefore  r d u l t i  b e  e x p e c t e d '  
t q  h a v e  a s l i g h t l y  i n c r e a s e d  r e l a t i v e  d e p o s i t i o n  (Mchbahon e t  a l . ,  
1977). 

C o n v e n t i o n a l l y  , clearance of p a r t i c l e s  from the lungs, d u r i n g  

/ ,  

I 

' ' t h e  f i r s t  24  h o u r s  p o s t d e p o s i t i o n  r e p r e s e n t s  clearance of p a r t i -  

a f t e r  24 h o u r s  r e p r e s e n t s , c I e a r a n c e  of p a r t i c l e s  d e p o s i t e d  i n  
a l v e o l a r  r e g i o n s  (Morrow e t  a l . ,  1966): T h e r e f o r e ,  t h e  2 
c o m p o n e n t s  shown i n  F i g u r e s  13 a n d  1 4  a n d  t h e i r , c o r r e s p o n d i n g  I 

' h a l f  l i v e s  r e s u l t  f r o m  a l v e o l a r  c l e a r a n c e .  F e r i n  (1982) p r o p o i e d ,  
t h a t  t h e  f i r s t  a l v e o l a r  c l e a ' r a n c l e  c o m p o n e n t  i s  mediated by macral. 

, p h a g e s .  However ,  i n  t h i s  s t u d y  a l v e o l a r  c l e a x - a n c e  was i n v e r s e l y  ' 

corre la ted  w i t h  t h e  maximum number o f  m a c r o p h a g e s  r e c r u i t e d .  
I T h a t  is, t h e  s t r a i n  w h i c h  cleared t h e  most . p a r t i c l e s  d u r i n g  t hese  , 

e a r l y  c l e a r a n c e  phases a n d  t h e r e f o r e  h a d  t h e  lowes t  a l v e o l a r ,  ' 

phase 2 i n t e r c e , p t ,  h a d  f e w e r  n a C r 0 p h a g e S  r e c r u i t e d .  

bcles d e p o s i t e d  o n  . t h e  t r a c h e o b r o n c h i a l  (T-B)" t r ee ,  and c l e 8 , r a n c e  4 

' , T h e  r e s u l t s  of th 'e  p r e s e n t  s t u d y  d o  show s t a t i s t i c a l  d i f f e r -  
e n c e s  i n  c l e a r a n c e  o f  t h e s e ' p a r t i c l e s  among t h e  r a t  s t r a i n s  a n d  
q u a n t i t a t i v e  d i f f e r e n c e s  f r o m  p r e v i o u s  r e p o r t s .  However ,  ,compar- 
ison o f  t h e  r e s u l , t , s  w i t h  those i n  t h e  l i t e r a t u r e  { L e e  e t  al., 
1983; m a n  e t  al., 1981; F e r i n  a n d  M o r e h o u s e ,  1980; F e r i n ,  1982; 

' B i a n c o  et a l . ,  1980; O b e r d o e s t e r  e t  a l . ,  1979; S n i p e s  e t  aL., , 
1983) i n d i c a t e s  t h a t . t h e  m a g n i t u d e  of the e f f e c t  is' similar t o  
t h e  i n t e r t e s ~ ' v a r i ~ b i 1 t y I a ~ d  is seen s u b s t a n t i a l l y  d u r i n g  t h e ,  , 

, f i r s t  2 4  h o u r , s  p o s t d e p o s i t i o n . ,  I 

I ,  

TECBNICIM TRAiEIIPIG PROGRAMS 

Anlqa1 T e c h n i c i a n s  

A l l  UCI a n i m a l  , - c h n i c i a n s  are c u r r e n t l y  c e r t i f i e d  by  t h e  
A m e r i c a n ,  A s s o c i a t i o n  of L a b o r a t o r y  A n i m a l  S c i e n c e  ( A A L A S ) .  One 
a d d i t i o n a l  s t a f f  member  p a s s e d  t h e  c e r t i f i c a t i o n  e s a m i n a % i o n  f o r  , 
L a b o r a t o r y  Animal  T e c h n o l o g i s t s  a n d  t h e  c u r r e n t  s t a t u s  of t h e  
a n i m a l  t e c h n i c i a n s  r e g a r d i n g  c e r t i f i c a t i o n  is as f o l l o w s :  
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7 - L a b o r a t o r y  A n i m a l  T e c h n o l o g i s t  
3 - L a b o r a t o r y  Animal  T e c h n i c i a n  
1 - A s s i s t a n t  A n i m a l  T e c h n i c i a n  

Most of t h e  a n i m a l  t e c h n i c i a n  g r o u p  a r e  members of t h e  l o c a l  
A A L A S  o r g a n i z a t i o n  a n d  a t t e n ' d  v a r i o u s  s e m i n a r s  a n d  d e m o n s t r a t i o n s  

, d e a l t n g  w i t h  a n i m a l  h u s b a n d r y .  
. t  

T h e  a n i m a l  t e c h n i c i a n s  s u c c e s s f u l l y  c o m p l e t e d  a n  AALAS spon- 
s o r e d  c o r r e s p o n d e n c e  c o u r s e  wh, ich was' d i r e i j t e d  t o w a r d s  h e l p i n g  . 

t e c h n o l o g i s t s .  
o u t l i n e  w i t h  s t u d y  materials was r e c e i v e d ' .  After following t h e  

c o v e r i n g  t h e  material i n  t h a t  s e c t i o n .  T h e  s t u d y  o u t l i n e s  a'nd 
exams were not o n l y  g r a d e d ,  b u t  w r i t t e n  comments  a n d  c o r r e c t i o n s  
were d e v e l o p e d  for e a c h  t e c h n i c i a n .  S i x  s t u d y  p a c k e t s  were pre- 
s e n t e d  o v e r  a 1 - y e a r  p e r i o d .  

Chamber Technic ians  

, c o m p e t e n t  l a b o r a t o , r y ,  a n i m a l  t e c h n i c i a n s  become c e r t i f i e d  AALAS 
, ,  E v e r y  2 m o n t h s  for a y e a r  a d e t a i l e d  s t u d y '  

., recomme~nded s t u d y  p r o g r a m ,  each t e c h n i c i a n  completed a n  exam 

I 
0 .  

I D u r i n g  t h e  past . y e a r  t h e  Thomas Domes SOP,'s were r e v i e w e d  
a n d  minor updates were made a s  n e c e , s s a r y .  

T h e  mon' thly e m e r g e n c y  t r a i n i n g  p r o c e d u r e s  p r o g r a m  h a 5  b e e n  
r e v i s e d .  T r a i n i n g  p r o ' c e d u r e s  are' c o n d u c t e d  by t h e  S e n i o r  T e c h n i -  
c i a n  on e a c h  s h i f t .  P e r i o d i c  w r i t t e n  e x a m i n a t i o n s  a r e  g i v e n  by 
t h e  P r i n c i p a l  T e c h n i c l a n  t o  a l l  Chamber T e c h n i c i a n s .  R e v i s i o n s  

, of a n y  p r o c e d u r e  a n d / o r  r e t r a i n i n g  i s  made by, t h e  P r i n c i p a l  T e c h -  
n i c i a n  as t h e  n e e d  arises. L i s t e d  below i s  t h e  s c h e d u l e  f o r  t h e  ' 

t r a i n i n g , p r o c e d u r e s  a n d  e x a m i n a t i o n s  g i v e n  d u r i n g  t h e  p a s t  y e a r .  

Date 

J a n u a r y  
a F e b r u a r y  

Ap'r i 1 

J u n e  
J u l y  
A u g u s t  ' September 

a O c t o b e r  
a November 
a December 

a Yap 

I 

P r o c e d u r e  
I t  

C a r e , a n d  o p e r a t i o n  of r e s p A r a t o r s  
Vacuum pump f a i l u r e  - ,  
A i r  s u p p l y  f a n  f n l l u r e  

B u i l d i n g  429 alarm 
E k s c u e  of a n  i n c a p a c i t a t e d  dome e n t r a n t  
F i r e  i n  e x p o s u r e  l a b o r a t o r y  a rea  
GLP p r o c e d u r e s  a n d  t o x i c o l o g y  SOP ' s 
Vacuum pump f a i l u r e  
A i r  compressor f a i l u r e  
Complete power f a i ; l u r e  

C o m p l e t e  power f a i l u r e  4 ,  

a w r i t t e n  e x a m i n a t i o n s  
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I _  

A t r a i n i n g  p r o g r a m  p r e p a r e d  b y  t h e  A m e r i c a n  I n s t i t u t e  of 
B i o l o g i c a l  S c i e n c e s  c o n c e r n i n g  v a r i o u s  t y p e s  of b l e e d i n g  proce- 

. d u r e s  .of r o d e n t s  a n d  r a b b i t s  was p r e s e n t e d  t o  a l l  c h a m b e r  t e c h n -  
' i c a n s  a n d  a n i m a l  t e c h n i c i a n s  as  w e l l  as  i n t e r e s t e d  A i r , F o r c e  a n d  

, ser ies .  The  most i m p o r t a n t  aspect  of t h i s  t r a i n i n g  p r o g r a m  w a s '  

P e r -  
, '  s o n n e l  a t t e n d i n g  t h e  t r a i n i n g  p r o g r a m  were a l so  allowed t o  c a r r y  

Navy p e r s o n n e l .  T h i s  w a s  a s l i d e / c a s s e t t e  a n d  s t u d y  g u i d e  ' i 

t h e  i n c l u s i o n  of p r a c t i c a l  d e m o n s t r a t i o n s  of b l e e d i n g  t a c h n i q u e s  , ,  

b y  p r o f e s s i o n a l  v e t e r i n a r i a n s  a'nd e x p e r i e n C e d  t e c h n i c i ' a n s .  

o u t  t h e  t e c h n i q u e s  d i s c u s s e i  d u r i n g ' t h e  d e m o n s t r a t i o n  s e s s i o n .  
I I ,  

T h e  c h a m b e r  t e c h n i c i a n  , - g r o u p ,  p r e s e n t l y  h a s  mekght mind1vidual .s  ' 

ce r t i f i ed  i n  t h e  A A L A S  F r o g r a m .  T h e  l e v e l s  of AALAS c e r t i f i c a -  
t i o n  a r e  shown  I below: , " 

L a b o r a , t o r y  A n i m a l  T e c h n o l o g i s t s  - 2 

A s s i s ' t a n t  L a b o r a t o r y  A n i m a l  T e c h n i c i a n s  - 2 
, L a b o r a t o r y  A n i m a l  T e c h n i c i a n s  - 4 

MUS Certification 

C o n t i n u i n g  e f f o r t s  h a v b  b e e n  made t o  i n c r e a s e  the i n v o l v e - '  
m e n t  of a l l  t e c h n , i c i , a n s  i n  t h e  c e r t i f i c a t i o n  p r o g r a m  s p o n s o r e d  by 
t h e  'Arnericaq A s s o c i a t i o n  of L a b o r a t o r y  A n i m a l  S c i e n c e  (AALAS)'. 

I '  An e x a m i n a t i o n ,  of t h e  r e q u i r e m e n t s  f o r  AALAS T e c h n o l o g i s t  c e r t i -  
' f i c a t i o n  r e v e a l e d  s e v e r a l  UCZ and A i r  F o r c e  p e r s o n n e l  e l i g i b l e .  

, A t r a i n i n e ;  course is b e i n g  p r e s e n t e d  t o  p e r s o n n e l  c o n s i d e r i n g  4 '  

a p p l y i n g  fo r  t h e  A A L A S  t e c h n o l o g i s t  e x a m ,  w h i c h  w i l l  be g i v e n  i n  , 
Sep, tember  1985. ' C . l a s s e s  b e g a n  i n  e a r l y  May 1985 andl 'ar i I .1  c o n - '  

' t i n u e  o n  a w e e k l y  basis ,  u n t i l ,  September  1985,. S e v e r a l  p e r s o n n e l  
w i t h i n  t h e  l t b b o r a t o r y  a l r e a d y  c e r t i f i e d  a s  AALAS t e c h n o l o g i s t s  
r i l l ,  s e r v e ,  a s  i q s t r u c t o r s  f o r  t h i s  t i a i n i n g  c o u r s e .  

, , I  

< ,  
_ I  I The t r a i n i n g  k t e r i a l a . u s e d  for t h e  cou r se  a re  a8 fo l loas :  

, 
A .  S y l l a b u s  for ',fie L j o r a t o r y  A n i m a l  T e c h n o l o g i s t .  
B.  A A L A S  T e c h n o l o g i s t  R e v i e w  Course. 
C. AALAS T e c h n o l o g i s t  C o r r e s p o n d e n c e  C o u r s e .  

, D. AAALAC s l i d e s  ( A m e r i c a n  A s s o c i a t i o n  for A c c r e d i t a t i o n  
of L a b o r a t o r y  A n i m a l  Care) 

, 
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